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I. — The  Skull  of  thb  Gioantio  Ceratopsidjs.^        1- 
By  Prof.  0.  C.  Maesh,  Ph.D.,  LL.D.,  F.G.S. 

(PLATE  I.) 

THE  huge  horned  Dinosaurs,  from  the  Cretaoeous,  recently 
(described  by  the  writer,'  have  now  been  investigated  with  some 
care,  and  much  additional  light  has  been  thrown  upon  their  struo- 
tare  and  affinities.  A  large  amount  of  new  material  has  been 
secured,  including  several  skulls,  nearly  complete,  as  well  as  various 
portions  of  the  skeleton. 

The  geological  deposits,  also,  in  which  their  remains  are  found, 
have  been  carefully  explored  during  the  past  season,  and  the  known 
localities  of  importance  examined  by  the  writer,  to  ascertain  what 
other  fossils  occur  in  them,  and  what  were  the  special  conditions 
which  preserved  so  many  relics  of  this  unique  fauna. 

The  geological  horizon  of  these  strange  reptiles  is  a  distinct  one 
in  the  Upper  Cretaceous,  and  has  now  been  traced  nearly  eight 
hundred  miles  along  the  eastern  flank  of  the  Rocky  Mountains.  It 
is  marked  almost  everywhere  by  remains  of  these  reptiles,  and 
hence  the  strata  containing  them  may  be  called  the  Ceratops  beds. 
They  are  freshwater  or  brackish  deposits,  which  form  a  part  of  the 
80-called  Laramie,  but  are  below  the  uppermost  beds  referred  to  that 
group.  In  some  places,  at  least,  they  rest  upon  marine  beds  which 
contain  invertebrate  fossils  characteristic  of  the  Fox  Hills  deposits. 

The  fossils  associated  with  the  Ceratopsida  are  mainly  Dinosaurs, 
representing  two  or  three  orders,  and  several  families.  Plesiosaurs, 
Crocodiles  and  Turtles  of  Cretaceous  types,  and  many  smaller 
reptiles,  have  left  their  remains  in  the  same  deposits.  Numerous 
small  mammals,  also  of  ancient  types,  a  few  birds,  and  many  fishes, 
are  likewise  entombed  in  this  formation.  Invertebrate  fossils  and 
plants  are  not  uncommon  in  the  same  horizon. 

The  Ceratopsida,  as  the  most  important  of  this  assemblage,  will 
be  first  described  fully  by  the  writer,  under  the  auspices  of  the 
United  States  Geological  Survey.  In  the  present  paper,  the  skull 
of  one  of  these  gigantic  reptiles  is  briefly  described,  and  figured,  as 
a  typical  example  of  the  group. 

^  Abstract  of  a  paper  read  before  the  National  Academy  of  Sciences,  Philadelphia, 
November  14,   1889. 

'  American  Journal  of  Science,  vol.  xxxvi.  p.  477,  December,  1888 ;  vol.  xixvii. 
p.  334,  April,  1889;  and  vol.  xxiviii.  p.  173,  August,  1889. 
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The  Skull. 

The  sknll  of  TrteetaiapM,  the  best  known  genus  of  the  family,  ha 
many  remarkable '  fe&tures.  First  of  all  its  size,  in  the  larges 
individuals,  extfeeds  that  of  any  land-animal,  living  or  extinct 
hitherto  discoy'ered,  and  is  only  surpassed  by  that  of  some  of  thi 
Cetaceans.  .  l£e  skull  represented  in  Plate  I.,  the  type  of  th( 
species,  is'.thiat  of  a  comparatively  young  animal,  but  is  about  si] 
feet  in'  length.  The  type  of  Triceratops  horridua  was  fully  adult 
and  probt^ly  an  old  individual.  The  skull,  when  complete,  mus 
have-teefi  over  eight  feet  in  length.  Two  other  skulls,  both  nearl; 
perfect,'  now  under  examination  by  the  writer,  fully  equal  in  bull 
thcT-^wo  already  described,  and  other  similar  specimens  from  th( 
•ys^e  horizon  maintain  equal  average  dimensions. 
.. '.  Another  striking  feature  in  the  skull  of  this  genus  is  its  armature 
.  This  consisted  of  a  sharp  cutting  beak  in  front,  a  strong  horn  on  tb< 
nose,  a  pair  of  very  large  pointed  horns  on  the  top  of  the  head,  an< 
a  row  of  sharp  projections  around  the  margin  of  the  posterior  crest 
All  these  had  a  homy  covering  of  great  strength  and  power.  Fo 
offence  or  defence,  they  formed  together  an  armour  for  the  head  a 
complete  as  any  known.  This  armature  dominated  the  skull,  an< 
in  a  great  measure  determined  its  form  and  structure. 

The  skull  itself  is  wedge-shaped  in  form,  especially  when  seei 
from  above.  The  facial  portion  is  very  narrow,  and  much  prolongs^ 
in  front,  as  shown  in  Plate  I.  Fig.  2.  In  the  frontal  region,  th 
skull  is  massive,  and  greatly  strengthened  to  support  the  large  an* 
lofty  horn-cores,  which  formed  the  central  feature  of  the  armature 
The  huge,  expanded  parietal  crest,  which  overshadowed  the  back  c 
the  skull  and  neck,  was  evidently  of  secondary  growth,  a  practice 
necessity  for  the  attachment  of  the  powerful  ligaments  and  muscle 
that  supported  the  head. 

The  front  part  of  the  skull  shows  a  very  high  degree  of  specializn 
tion,  and  the  lower  jaws  have  been  modified  in  connection  with  i1 
In  front  of  the  premaxillaries,  there  is  a  large  massive  bone,  nc 
before  seen  in  any  vertebrate,  which  has  been  called  by  the  writei 
the  rostral  bone  {o$  rostrale).  It  covers  the  anterior  margins  of  th 
premaxillaries,  and  its  sharp  inferior  edge  is  continuous  with  thei 
lower  border.  This  bone  is  much  compressed,  and  its  surface  ver 
rugose,  showing  that  it  was  covered  with  a  strong  horny  beak.  1 
is  a  dermal  ossification,  and  corresponds  to  the  pre-dentary  boE 
below.  The  latter,  in  this  genus,  is  also  sharp  and  rugose,  and  lik< 
wise  was  protected  by  a  strong  horny  covering.  The  two  togeth< 
closely  resemble  the  beak  of  some  of  the  turtles,  and  as  a  who) 
must  have  formed  a  most  powerful  weapon  of  offence. 

In  the  skull  figured  on  Plate  I.  the  rostral  bone  was  free,  an 
was  not  secured,  lliis  was  also  true  of  the  predentary  bone,  an 
the  nasal  horn-core.  Hence  these  parts  are  represented  in  outliu 
taken  from  another  specimen,  in  which  they  are  present,  and  i 
good  preservation. 

The  premaxillary  bones  are  large,  and  much  compressed  tram 
versely.     Their  inner  surfaces  are  fiat,  and  meet  each  other  olosei 
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on  the  median  line.  In  old  speoimens,  they  are  firmly  ooosaified 
with  each  other,  and  with  the  rostral  hone.  They  send  upward  a 
strong  process  to  support  the  massive  nasals.  Another  process,  long 
and  slender,  extends  upward  and  backward,  forming  a  suture  with 
the  maxillary  behind,  and  uniting  in  front  with  a  descending  branch 
of  the  nasal.  The  premaxillaries  are  much  excavated  externally  for 
the  narial  aperture,  and  form  its  lower  margin.  They  are  entirely 
edentulous. 

The  maxillaries  are  thick,  massive  bones  of  moderate  size,  and 
sobtriangular  in  outline  when  seen  from  the  side.  Their  front 
margin  is  bounded  mainly  by  the  premaxillaries.  They  meet  the 
pre-frontal  and  lachrymal  above,  and  also  the  jugal.  The  alveolar 
border  is  narrow,  and  the  teeth  small,  with  only  a  single  row  in  use 
at  the  same  time.  The  teeth  resemble,  in  general  form,  those  of 
HadroBawns, 

The  nasal  bones  are  large  and  massive,  and  greatly  thickened 
anteriorly  to  support  the  nasal  hbm-core.  In  the  skull  figured  on 
Plate  I.  these  bones  are  separate,  but  in  older  individuals,  they 
are  firmly  ooossified  with  each  other,  and  with  the  frontal s.  The 
nasal  horn-core  ossifies  from  a  separate  centre,  but  in  adult  animals 
it  unites  closely  with  the  nasals,  all  traces  of  the  connection  being 
lost.     It  varies  much  in  form  in  different  species. 

The  frontals  form  the  central  region  of  the  skull,  and  have  been 
greatly  strengthened  to  support  the  enormous  horn-cores  which 
tower  above  thera.  These  elevations  rest  mainly  on  the  frontal 
bones,  but  the  supra-orbitals.  the  post-orbitals,  and  the  post-frontals, 
have,  apparently,  all  been  absorbed  by  the  frontals,  to  form  the  solid 
foundation  for  the  horn-cores. 

These  horn-cores  are  hollow  at  the  base,  and  in  form,  position, 
and  external  texture,  agree  closely  with  the  corresponding  parts  of 
the  Bovida.  They  vary  much  in  shape  and  size  in  different  species. 
They  were  evidently  covered  with  massive  pointed  horns,  forming 
most  powerful  and  effective  weapons. 

The  orbit  is  at  the  base  of  the  horn-core,  and  is  surrounded, 
especially  above,  by  a  very  thick  margin.  It  is  oval  in  outline,  and 
of  moderate  size.  Its  position  and  form  are  shown  in  Plate  I. 
Figure  1  b. 

The  enormous  posterior  crest  is  formed  mainly  by  the  parietals, 
which  meet  the  frontals  immediately  behind  the  horn-cores.  The 
margin  is  protected  by  a  series  of  special  ossifications,  which,  in  life, 
had  a  thick  horny  covering.  These  peculiar  ossicles,  which  extend 
around  the  whole  of  the  crest,  may  be  called  the  epoccipital  bones 
(Plate  I.  Figures  1  and  2,  e).  In  old  animals,  they  are  firmly 
coossified  with  the  bones  on  which  they  rest 

The  lateral  portions  of  the  crest  are  formed  by  the  squamosals, 
which  meet  the  parietals  in  an  open  suture.  Anteriorly,  they  join 
the  frontal  elements  which  form  the  base  of  the  horn-core,  and 
laterally,  they  unite  with  the  jugal.  The  supra- temporal  fossaa  lie 
between  the  squamosals  and  the  parietals,  em  shown  on  Plate  I. 
Figure  2,  c. 
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The  base  of  the  skull  has  been  modified  in  conformity  with  its 
upper  surface.  The  basi-occipital  is  especially  massive,  and  strong 
at  every  point.  The  occipital  condyle  is  very  large,  and  its  articular 
face,  nearly  spherical,  indicating  great  freedom  of  motion.  The  basi- 
occipital  processes  are  short  and  stout.  The  basi-pterygoid  processes 
are  longer,  and  less  robust  The  foramen  magnum  is  very  small, 
about  one-half  the  diameter  of  the  occipital  condyle.  The  brain- 
cavity  is  especially  diminutive,  smaller  in  proportion  to  the  skull, 
than  in  any  other  known  reptile. 

llie  excccipitals  are  also  robust,  and  firmly  coossified  with  the 
basi-occipital.  The  supra-occipital  is  inclined  forward,  and  its  ex- 
ternal surface  is  excavated  into  deep  cavities.  It  is  firmly  coossified 
with  the  parietals  above,  and  with  the  excccipitals  on  the  sides.  The 
post-temporal  fosssB  are  quite  small. 

The  quadrate  is  robust,  and  its  head  much  compressed.  The  latter 
is  held  firmly  in  a  deep  groove  of  the  squamosal.  The  anterior 
wing  of  the  quadrate  is  large  and  thin,  and  closely  united  with  the 
broad  blade  of  the  pterygoid. 

The  quadrato-jugal  is  a  solid,  compressed  bone,  uniting  the 
quadrate  with  the  large  descending  process  of  the  jugal.  In  the 
genus  Triceraiops  the  quadrato-jugal  does  not  unite  with  the  squa^ 
mosal.  In  CeratopM,  which  includes  some  of  the  smaller,  less 
specialized,  forms  of  the  family,  the  squamosal  is  firmly  united  to 
the  quadrato-jugal  by  suture.  Above  this  point  it  shows  a  number 
of  elevations,  which  are  wanting  in  Triceraiops. 

The  quadrato-jugal  arch  in  this  group  is  strong,  and  curves 
upward,  the  jugal  uniting  with  the  maxillary,  not  at  its  posterior 
extremity,  but  at  its  upper  surface,  as  shown  in  Plate  I.  Fig.  1 
This  greatly  strengthens  the  centre  of  the  skull  which  supports  the 
horn-cores,  and  also  tends  to  modify  materially  the  elements  of  the 
palate  below.  The  pterygoids,  in  addition  to  their  strong  union 
with  the  quadrate,  send  outward  a  branch  which  curves  around  the 
end  of  the  maxillary.  This  virtually  takes  the  place  of  the  trans- 
verse bone.  The  latter  is  thus  aborted,  and  is  represented  only 
by  a  small  free  ossicle  resting  upon  the  posterior  extremity  of  the 
maxillary. 

The  lower  jaw  shows  no  specialization  of  great  importance,  with 
the  exception  of  the  pre-dentary  bone  already  described.  There  is, 
however,  a  very  massive  coronoid  process  rising  from  the  posterior 
part  of  the  dentary,  which  is  well  shown  in  Plate  I.  Fig.  1.  The 
articular,  angular,  and  surangular  bones,  are  all  short  and  strong, 
and  the  splenial  is  comparatively  slender,  llie  angle  of  the  lower 
jaw  projects  but  little  behind  the  quadrate. 

The  unique  characters  of  the  skull  of  the  Ceratopsidcs  are  especially 
the  following : — 

(1)  The  presence  of  a  rostral  bone,  and  the  modification  of  the 
pre-dentary  to  form  a  sharp,  cutting  beak. 

(2)  The  frontal  horn-cores,  which  form  the  central  feature  of  the 
armature. 

(3)  The  huge  expanded  parietal  crest 
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(4)  The  epoocipital  bones. 

(5)  The  aborted  transyerse  bone. 

These  are  all  features  not  before  seen  in  the  Dinosaurta,  and  show 
that  the  family  is  a  very  distinct  one. 

The  peculiar  armature  of  the  skull  has  a  parallel  in  the  genus 
Phnfnosoma,  among  the  Lizards,  and  Meiolaniat  among  the  Turtles, 
and  it  is  of  special  interest  to  find  it  also  represented  in  the 
Dinosaurs,  just  before  their  extinction. 

Such  a  high  specialization  of  the  skull,  resulting  in  its  enormous 
development,  profoundly  a£fected  the  rest  of  the  skeleton.  Precisely 
as  the  heavy  armature  dominated  the  skull,  so  the  huge  head 
gradually  overbalanced  the  body,  and  must  have  led  to  its  destruc- 
tion. As  the  head  increased  in  size  to  bear  its  armour,  the  neck 
first  of  all,  then  the  foie  limbs,  and  later  the  whole  skeleton,  was 
specially  modified  to  support  it 

These  features  will  be  discussed  in  a  later  communication,  but  to 
the  present  description  of  the  skull  should  be  added  the  fact  that  the 
anterior  cervical  vertebrsd  were  firmly  coossified  with  each  other, 
an  important  character  not  before  observed  in  Dinosaurs. 

The  skull  represented  on  the  accompanying  Plate  is  the  type 
specimen  of  Triceratops  flahellaim,  Marsh.  It  was  found  in  the 
Ceratops  beds  of  Wyoming  by  Mr.  J.  B.  Hatcher,  who  also  dis- 
covered the  type  of  the  genus  Ceralops,  in  the  same  horizon  in 
Montana. 

II.— Did  the   Great  Rivers  of  Siberia  Flow  Southwards  and 
NOT  Northwards  in  the  Mammoth  Age  ?  ^ 

By  H.  H.  HowoRTH,  Esq,,  M.P.,  etc. 

THE  question  proposed  in  the  heading  to  this  paper  seems  a 
startling  one.  That  the  drainage  of  such  a  wide  continental 
area  as  Northern  Asia  should  have  been  entirely  reversed  at  such 
a  recent  geological  period  as  the  Mammoth  age,  so  that  its  present 
great  drains,  the  Ob,  the  Yenissei  and  the  Lena,  did  not  exist  at  all, 
but  their  places  were  taken  by  other  rivers  pouring  their  waters, 
not  into  the  Arctic  basin,  but  into  some  great  Mediterranean  Sea 
in  Central  Asia,  seems  a  paradox.  It  is  nevertheless  a  conclusion 
which  has  been  forcing  itself  upon  me  for  a  considerable  time,  and 
which  I  should  like  to  be  allowed  to  argue. 

To  begin  with  the  current  movement  of  the  land  in  Northern 
Siberia,  there  can  be  no  doubt  whatever  that  the  whole  northern 
seaboard  of  the  continent  is  rising  rapidly  from  the  water.  Erman, 
Middendorff,  and  Wrangel,  all  diligent  and  careful  explorers,  are  as 
one  in  regard  to  their  lesson,  which  is  that  the  northern  part  of 
Siberia,  and,  may  I  add,  of  Siberia  in  Europe  also,  that  is  to  say,  of 
the  whole  continent  from  the  White  Sea  to  Berings  Straits,  is  rising 
from  the  sea.  In  a  paper  I  wrote  many  years  ago,  which  was  pub- 
lished   in    the   Journal   of    the   Geographical    Society,   on   Recent 

*  Fall  text  of  paper  read  in  Section  C  (Geology)  at  the  British  Association, 
Newcastle-upon-Tyne,  September,  1889. 
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Changes  in  Circumpolar  Lands,  I  collected  evidenoe  of  this  fact, 
which  is  now  an  elementary  postulate  in  physical  geography. 

That  this  rise  has  gone  on  for  a  long  time  is  andonhted.  It  is 
equally  undoubted  that  it  has  not  gone  on  always,  since  we  can 
measure  the  ultimate  limit  of  the  movement  by  the  shells  and  other 
debris  of  the  former  tide-marks;  the  lines  of  shells,  eta,  found 
furthest  south  being  a  measure  of  the  former  extension  southward 
of  the  Arctic  Sea.  What  is  plain  is,  that  that  sea  has  been  shrinking, 
and  is  now  shrinking  very  rapidly,  and  a  great  deal  of  what  was 
under  water  and  under  ice  not  long  ago  is  now  dry  land.  This  is 
universally  admitted. 

What  is  not  so  generally  conceded,  what  in  fact  seems  to  have 
been  entirely  overlooked,  is,  that  the  result  towards  which  this 
upheaval  of  the  land  and  this  shrinking  of  the  Arctic  Sea  are  tending 
was,  in  fact,  reached  during  the  Mammoth  age,  when  it  seems  to  be 
very  certain,  as  I  have  tried  to  show  in  the  Geologioal  Maoazikb, 
1889,  p.  305,  that  a  large  part  of  the  Polar  basin  was  occupied  by 
land  and  not  by  water,  that  the  level  of  the  northern  part  of  the 
great  Siberian  plain  was  very  considerably  higher,  and  that  the 
period  of  submergence  from  which  Northern  Siberia  is  now  escaping 
is  a  new  feature,  which  followed  upon  a  period  of  higher-level  of 
the  dry  land  in  the  Arctic  region  in  the  Mammoth  age. 

If  the  sea-bottom  of  the  Arctic  Ocean  was  sufficiently  elevated  to 
be  laid  bare  over  a  large  portion  of  the  area  east  of  Nova  Zembla, 
there  can  be  small  doubt  that  the  Western  Siberian  rivers  could  not 
flow  in  their  present  beds.  The  fall  of  these  rivers  is  proverbially 
very  slight,  and  it  would  be  a  good  deal  slighter  if  they  had  not 
carved  furrows  in  which  to  flow,  out  of  the  tundras  which  they 
thread.  So  slight  is  their  flow  that  in  places  they  seem  in  a  doubtful 
attitude  as  to  whether  they  should  run  north  or  south.  A  few 
figures  will  be  the  best  evidence  of  this.  These  figures  I  owe  to 
my  friend  Mr.  Ravenstein,  who  tells  me  they  are  absolutely  and  not 
merely  barometrically  correct,  having  been  the  result  of  a  spirit- 
levelling  operation  carried  out  between  1875  and  1878.  They  refer 
to  towns  situated  for  the  most  part  near  the  head-waters  of  the 
rivers  in  question  or  their  feeders.  Tobolsk  266  feet,  Omsk 
279  feet,  Tomsk  302  feet,  Krasnoyarsk  499  feet.  The  rivers  Ob 
and  Tenissei,  however,  have  high  banks,  and  have  cut  down  their 
beds  very  deeply,  so  that  we  may  take  it  that  the  real  drop  of  these 
rivers  from  their  upper  reaches  is  certainly  not  more  but  probably 
considerably  less  than  250  to  300  feet 

Now  the  deepest  known  soundings  in  the  eastern  part  of  the 
Arctic  Sea  show  a  depth  of  about  25  fathoms,  and  inasmuch  as 
recent  Arctic  shells  have  been  found  by  Seebohm  500  feet  above 
the  present  sea-level,  this  shows  that  since  the  Mammoth  age  the 
oscillation  of  level  has  been  over  100  fathoms.  An  elevation  of 
from  40  to  50  fathoms,  however,  operating  along  the  Arctic  border- 
land of  Asia,  would  suffioe  to  entirely  reverse  the  drainage  of  the 
great  rivers,  which  must  in  such  a  case  have  flowed  southwards. 
This  is  a  very  curious  induction,  and  seems  inevitably  to  follow  from 
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any  postulate  demanding  a  land-bridge  between  Siberia  and  America 
in  the  Mammoth  age. 

If  the  oonolusion  be  sound,  we  ought  to  be  able  to  apply  an  easy 
test  to  it,  and  to  find  abundant  traces  of  the  fact  (if  not,  in  the  river- 
becU  themselves,  where  the  evidence  might  easily  be  obliterated),  in 
the  Central  Asiatic  area,  for  assuredly  such  a  reversal  of  the  flow  of 
theee  enormous  water-ways  must  have  created  an  immense  Mediter- 
ranean Sea  in  Central  Asia. 

Evidences  of  this  sea  are  not  only  forthcoming,  but  they  are  so 

palpable  and  plain  that  it  has  become  an  axiom  of  physical  geography 

that  such  a  sea  existed  at  no  distant  date.      The  proofs  of  it  are 

various  and  converging.  In  the  first  place,  the  scattered  lakes  which 

dot  this  part  of  Asia  from  the  Caspian  to  Lake  Balkhash,  whose 

common  fanna  can  only  be  explained  on  the  hypothesis  that  they 

are  the  fragnaents  of  a  once  continuous  sheet  of  water,  ''  Relikten 

seen  ^  as  the  Germans  call  them,  and  secondly  the  great  stretches  of 

arid  sand  containing  semi-fossil  shells  of  species  still  living  in  the 

lakes  referred  to,  and  marked  by  saline  deposits,  sands  known  to  the 

natives  as  the  Karakum  or  black  sands,  Kizilkum  or  red  sands,  etc.^ 

Here  then  'we  g^t  a  double  argument  in  favour  of  the  contention 

I  am  arguing  for.     The  a  priori  argument  deducible  from  the  effects 

of  the  rise  of  the  Arctic   sea-bed  and  the  a  poateriori  argument 

deducible  from  the  actual  state  of  things  in  Central  Asia,  the  latter 

being  an  armament  universally  conceded  and  hitherto  needing  only 

a  rational   explanation.    While  every  one  allows  that  a  great  sea 

ODoe  ocoapied  the  Aralo-Caspian  depression,  it  has  hitherto  been 

a  desideratum  to  know  how  this  sea  could  have  been  supplied  with 

its  water,  and  how  it  resisted  the  desiccating  effects  of  the  Siberian 

climate,  which  are  now  so  obvious.     If,  as  we  contend,  the  great 

rivers  Obi  and  Yenissei  at  this  date  poured  their  waters  into  the 

Asiatic  Mediterranean,  the  whole  problem  is  explained. 

I  would  add  as  a  curious  corollary,  that  the  great  plain  of  European 
Russia,  which  is  in  many  ways  a  mere  prolongation  of  Asia,  and 
which  was  in  the  Mammoth  age  still  more  closely  united  with  it  in 
its  physical  characteristics,  still  retains  its  ancient  slope,  and  its  great 
rivers,  the  Volga,  the  Don,  the  Dnieper,  and  the  Dniester  still  flow 
Bouthwards.  In  the  Mammoth  age  their  waters  were  probably 
farther  recruited  by  that  which  goes  to  form  the  Petchora  and  the 
Neva.  Apart  from  this  last  divergence,  it  seems  rational  to  conclude 
that  Eastern  Europe  at  this  moment  presents  a  very  close  type  of 
what  Western  Siberia  once  presented,  and  that  the  whole  continent 
from  the  Caspian  to  the  valley  of  the  Yenissei  then  had  a  southern 
slope  and  was  bounded  on  the  south  by  a  continuous  sheet  of  water, 
of  which  the  Black  Sea  and  Lake  Balkhash  are  the  terminal  relics. 

I  have  limited  my  induction  in  regard  to  Asia  to  Western  Siberia, 
bat  I  have  small  doubt  that  what  was  true  of  the  Obi  and  the 
Yenissei  was  true  of  the  Lena  also  ;  but  here  the  change  that  has 
since  occurred  in  the  contour  of  the  country  is  greater  and  more 
complicated,  and  I  will  defer  its  discussion  to  another  occasion. 

^  See  8.  P.  Woodward,  Manual  of  the  MoUusca,  p.  291,  on  the  range  of  Cardium 
^n^icum,  ibid.  Proc.  Zool.  Soc.  Julj  8,  lSb6f  part  II. 
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The  effeots  of  this  change  of  physical  featare  must  obvioasly  have 
been  manifold.  The  existence  of  a  great  Central  Asiatic  Sea  woald 
greatly  temper  the  Siberian  climate,  while  the  sonthem  flow  of  its 
rivers  woald  affect  the  distribution  of  animal  and  vegetable  life,  and 
offers  at  least  a  reasonable  solution  of  the  difficulties  surrounding^ 
the  migration  of  birds  in  the  Paleearotic  region,  while  it  finally  sweeps 
away  the  hypothesis  that  the  Mammoth  remains  of  Siberia  are  the 
wreckage  of  river  portage. 


IIL — Note  on  the  Classification  op  the  Red  Books  in  South- 
east Durham  ;  and  on  a  possible  unconformity  between  the 
Tbias  and  the  Permian  Limestone  in  the  same  Distbiot. 

By  H.  H.  HowBLL,  F.G.S.,  etc, 
Director  of  the  Geological  Surrey  of  Scotland. 

THE  several  bore-holes  which  have  been  put  down  throngh  the 
Red  Rocks  in  the  south-east  part  of  the  county  Durham  to 
win  the  bed  of  Rock  Salt  there  have  directed  attention  to  the  age 
and  classification  of  these  rocks. 

Mr.  Edward  Wilson  in  an  exhaustive  paper  published  in  the 
Quarterly  Journal  of  the  Geological  Society  of  London,  has  strongly 
supported  the  classification  adopted  and  expresned  on  the  maps  of 
the  Government  Geological  Survey  of  that  district 

Mr.  Howse,  in  the  **  Guide  to  the  Collections  of  Local  Fossils  in 
the  Museum  of  the  Natural  History  Society,  Newcastle-on-Tyne," 
recently  issued,  classes  the  whole  of  the  Red  Rocks  down  to  and 
including  the  Salt-bed  as  Trias,  but  does  not' divide  them  into  Upper 
and  Lower  divisions.  He  says,  '^It  seems  better  to  conclude  that 
the  red  shales  and  sandstones  at  the  mouth  of  the  Tees  represent 
a  peculiar  and  local  development  of  the  Trias  than  attempt  to  split 
it  up  into  divisions  that  have  no  exact  representatives  either  in 
England  or  on  the  Continent." 

Professor  Lebour,  formerly  on  the  staff  of  the  Geological  Survey 
in  Northumberland,  in  the  "  Handbook  to  the  Geology  and  Natural 
History  of  Northumberland  and  Durham,"  which  appears  to  be  in 
part  a  re-issue  (in  the  form  of  an  "Official   and  Local  Guide" 

Srepared  by  him  for  the  meeting  of  the  British  Association  at 
fewcastle  in  1889),  of  the  second  edition  of  his  "Outlines  of  the 
Geology  of  Northumberland  and  Durham,"  published  in  1886, 
gives  his  most  recent  views  on  the  classification  of  the  rocks 
between  the  Permian  Magnesian  Limestone  and  the  Drift  He 
gives  the  following  scheme  merely  as  representing  his  own  opinions 
derived  from  a  careful  examination  of  the  evidence  at  present 
available  on  the  subject : — 

Avieula  eontorta  Beds      Bhjbtic. 

(ProTed  in  Eaton  shaft  and  borinf^.) 
7.  (  Red  and  Green  Marls  with  Gypsum  (known  only  south  )  tjppisr 

(     01  toe  lees) >  fn^_._ 

6.     Red  Sandstone )  ^'"^*- 

Uneonformity  P  P 

6.    Red  Sandstones  and  Marls       Lowbr  Trias. 
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Uneonfofwitf^  ?  P 

4.    Bed  Marly  Sandstones,  Marls,  with  lentionlar  beds  of  \        Uppbb 
Anhydrite,  Gypsnm,  and  Salt,  and  foetid  limestone  in  |       Permian 

▼ariable  bands  towards  the  base ;  (Rauchwacke). 

3.     Thick  Mag^nesian  Limestone    j       Middle 

*•     Jaari  olaie...     ...     ...    .*•    •••     ..«     •••     ■<•     «••     «.•  /       xekmian* 

1.     Tellow  Sands     Lowea  Pb&mian. 

Unconformiti/, 

And  further  on,  at  p.  31,  Professor  Leboar  oriticizes  the  scheme 
adopted  by  the  Greological  Survey.  I  give  the  extract  in  full,  fie 
says,  '*  When  I  first  entered  upon  the  study  of  this  question,  I  was 
strongly  prejudiced  in  favour  of  the  view  of  the  stratigrapbical 
relations  of  these  beds  which  is  represented  by  the  scheme  according 
to  which  the  maps  of  the  Geological  Survey  are  coloured,  viz. : — 

RlLSTIC. 

ni>««i>  TvT  Aa  (  ^^^  *"*^  Green  Marl  with  Gypsum,  6  feet.  Red  and  White 
>B^«^,N  \  Sandstone  with  bed  of  Ited  Marl,  Gypsum  and  Rock 
(Keuper).      |      Salt,  6  feet.      .  ^^ 

Permian. — Ma^esian  Limestone. 

But  there  seems  to  be  no  good  reason,  in  the  total  absence  of 
fossils,  for  separating  what  I  have  called  No.  4,  into  two  divisions, 
the  lower  with  and  the  upper  without  limestones.  It  is  true  that 
the  reason  for  separating  No.  5  from  No.  4  is  scarcely  stronger, 
except  that  there  is  a  distinct  evidence  that  the  former  division  now 
occupies  a  larger  area  than  the  latter,  which  is  proof  of  overlap,  if 
not  of  unconformity.  There  is  also  some,  though  less,  evidence  of 
No.  6  overlapping  No.  5,  or  being  unconformable  to  it,  and  there 
seems  to  be  absolutely  nothing  in  favour  of  the  assumption  that 
(whichever  classification  be  adopted)  the  Tiiassic  Series  is  in  South 
Durham  only  represented  by  the  Keuper." 

As  I  was  District  Surveyor  in  charge  of  the  Geological  Survey 
of  that  district,  and  to  some  extent  responsible  for  the  classification 
adopted  and  expressed  in  the  maps  of  the  Geological  Survey,  I  may 
be  permitted  to  explain  the  reasons  which  induced  me  to  recommend 
that  the  whole  of  the  red  rocks  lying  between  the  Rhsetics  and  the 
Durham  Permian  Limestone  should  be  classed  as  Trias,  and  as 
belonging  to  the  Upper  or  Keuper  division  of  that  formation. 

Now  the  position  of  the  RhsBtic  beds  on  the  Yorkshire  side  of 
the  Tees  is  well  known,  and  beneath  them  there  is  something  like 
from  400  to  500  feet  of  Red  Marls — the  Keuper  Marls — which 
^aduate  down  into  Sandstones  with  beds  of  Red  Marl — the  Lower 
Keuper  Sandstones  or  Waterstones — of  other  districts  in  Britain. 
Down  to  this  horizon  I  believe  all  are  agreed — there  is  no 
difference  of  opinion — that  these  strata  belong  to  the  Keuper 
division  of  the  Trias. 

But  in  this  district  beneath  these  undoubted  Keuper  beds,  there 
is  a  great — an  abnormal  thickness  of  sandstones,  sandy  marls,  and 
marly  sandstones,  with  thick  deposits  of  gypsum  and  anhydrite  at 
their  base,  with  which  the  bed  of  Rock  Salt  is  associated,  which 
cannot  be  very  well  correlated  with  other  districts. 

When  I  was  engaged  on  the  Geological  Survey  there,  the 
difficulty  presented  itself  to  me  as  to  what  these  red  rocks  should 
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be  called,  and  it  was  not  neglected.  Any  one  who  will  look  at  tb 
Drift  editions  of  the  G^logical  Sarvey  maps  will  see  at  a  glano 
that  the  whole  of  the  low-lying  district  bordering  on  the  Teei 
in  S.E.  Darham  and  North  Yorkshire  is  covered  by  an  almos 
unbroken  sheet  of  Olaoial  Drift  and  alluvial  deposits  which  mast 
the  underlying  solid  rocks ;  therefore  sections  of  the  red  rock 
exposed  at  the  surface  are  few  and  far  between.  They  are  visible 
at  Seaton  Carew,  and  up  the  Tees  at  Coatham  Stob,  Dinsdale 
Hurworth,  and  Croft.  I  examined  all  these  sections,  and  it  wai 
my  opinion  then  and  it  is  my  opinion  now  that  the  rocks  hav( 
a  distinctly  Kenper  aspect  They  are  not  in  the  least  like  thi 
Bunter — the  soft  upper  and  lower  brick  red  sandstones  with  inter 
vening  pebble  beds,  which  I  mapped  in  my  younger  days  in  th< 
Midland  Counties,  and  which  I  was  taught  to  regard  as  Bunter 
I  have  also  examined  the  cores  of  these  rocks  brought  up  at  severa 
bore-holes,  and  they  tend  to  confirm,  me  in  this  opinion.  Neithei 
could  I  find  any  trace  of  a  physical  break  or  unconformity  withii 
these  red  rocks — they  seemed  to  be  due  to  one  continuous  deposition 
In  the  face  of  this  evidence  it  does  seem  to  me  that  it  would  hav< 
been  absurd  to  split  up  the  red  rocks  into  divisions  and  drav 
hypothetical  lines  separating  Eeuper  Sandstones  and  Marls  fron 
Bunter  Sandstones  and  Marls,  and  Bunter  Sandstones  and  Marli 
from  Permian  marly  Sandstones  and  Marls.  Therefore,  I  fel 
compelled  to  carry  the  b€ise-line  down  to  an  horizon  where  th 
lithological  characters  were  marked  and  'distinct,  viz.  to  th( 
junction  of  the  red  rocks  with  the  Durham  Permian  Limestone 
And  there  is  also  at  this  horizon,  I  think,  some  evidence  of  i 
possible  unconformity.  I  use  the  word  "possible"  advisedly 
because  I  am  not  very  sure  that  the  position  of  the  Triassic  rocl 
on  the  Permian  Limestone  may  not  be  explained  in  another  waj 
But  the  evidence  for  the  unconformity,  such  as  it  is,  is  this.  A 
the  Seaton  Carew  bore-hole,  I  think  it  has  been  undoubtedly  proves 
that  the  red  rocks  with  gypsum  and  anhydrite  at  their  base  ree 
upon  the  upper  division  of  the  Durham  Permian  Limestone — tha 
division  which  comes  to  the  surface  in  the  cliffs  at  Hartlepool  an( 
at  other  places  along  the  Durham  coast  The  stratigraphies 
position  of  this  division  is  from  700  to  800  feet  above  the  Marl  Slate 
Then  again  in  the  flat  country  bordering  upon  the  estuary  of  th' 
Tees  numerous  bore-holes  have  been  put  down  through  the  re< 
rocks  to  work  the  salt-bed  there,  and  some  of  these  borings  hav 
been  carried  down  into  limestones  beneath  the  salt-bed.  It  ha 
been  stated  more  than  once  that  these  limestones  were  not  fossili 
ferous,  and  could  not  be  identified  with  any  beds  coming  to  th 
surface  at  the  outcrop.  As  regards  one  bore-hole  this  is  moe 
certainly  a  mistake.  I  refer  to  the  one  which  was  put  down  for  th 
Newcastle  Chemical  Company  on  reclaimed  land  on  the  north  sid 
of  the  Tees  opposite  Middlesborough.  I  was  consulted  about  thi 
boring  from  the  first,  therefore  I  am  well  acquainted  with  it.  Th 
section  of  the  red  rocks  passed  through  agreed  very  closely  wit 
that  of  neighbouring  bore-holes,  with  ^e  exception  of  the  abseno 
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of  the  salt-bed,  'which  was  unfortunate  oommeroially,  bat  does  not 
materially  affect  the  question  under  discussion. 

I  recollect  very  well  when  resident  at  Darlington,  Mr.  Wilton 
Allhusen  bringing  me  a  portion  of  the  first  core  of  limestone  which 
bad  been  bored  through,  and  asking  my  opinion  whether  the  horizon 
of  the  salt'bed  had  been  passed,  and  whether  there  was  any  prospect 
of  success  by  continuing  the  bore-hole  deeper  into  the  limestone. 

I  told  him  the  fact  of  reaching  the  limestone  after  passing  through 
the  red  rocks  without  finding  the  salt-bed  proved  the  latter  to  be 
absent,  and  that  there  would  be  no  prospect  of  success  by  going 
deeper  into  the  limestone.  But  Mr.  Alfred  Allhusen  was  more 
sanguine,  and  the  boring  was  continued  to  a  greater  depth.  The 
result  was  that  no  salt-bed  was  found,  but  some  very  interesting 
cores  of  limestone  were  brought  up. 

I  examined  these  cores,  and  on  one  occasion  I  was  accompanied  by 
Mr.  Howse,  Curator  of  the  Museum  of  Natural  History,  Newcastle- 
ou-Tyne,  and  Dr.  Yeitch,  of  Middlesborough.  Mr.  Howse  saw  that 
the  limestone  was  fossiliferous,  and  his  well-trained  eye  at  once 
detected  the  small  Axinna  (Axinus  dubivs),  and  it  was  also  noted 
that  a  roestone  bed  similar  to  one  which  occurs  in  the  limestone 
forming  the  cliffs  at  Hartlepool  had  been  passed  through.  Here 
then  I  think  there  is  undoubted  proof  that  the  red  rocks  rest 
Qpon  the  uppermost  division  of  the  Durham  Permian,  6is  at  Seaton 
Carew. 

I  now  wish  to  direct  attention  to  the  western  outcrop  of  the  red 
rocks  in  the  neighbourhood  of  Darlington,  Leeming  Lane  (where 
the  Vale  of  Mowbray  Brewery  is  situate),  and  Ripen.  There  we 
bave  sandstone  and  maris  underlaid  by  thick  deposits  of  gypsum 
(as  much  fits  40  feet  was  proved  at  the  well  at  the  Vale  of  Mowbray 
Brewery),  which  in  turn  rest  directly  upon  the  Permian  Limestone. 
Here,  however,  they  rest,  not  upon  the  upper  division — the  Hartle- 
pool beds — but  upon  the  fossiliferous  and  compact  limestone  zone  of 
the  Durham  Permian — that  division  which  immediately  overlies  the 
Marl  Slate.  It  is  on  these  grounds  that  I  think  there  is  some 
evidence  of  an  unconformity,  and  that  the  red  rocks  may  be 
transgressive  over  the  various  divisions  of  the  Durham  Permian 
Limestone  from  Hartlepool  to  Darlington  and  Leeming  Lane. 

I  may  add  a  word  upon  the  lowest  set  of  beds — limestones,  and 
marls  with  gypsum  and  rock  salt  (14  ft.) — proved  in  the  trial  bore- 
hole of  Messrs.  Bell  Brothers  at  Saltholme  beneath  the  main  bed  of 
rock-salt 

The  late  Director-General  of  the  Geological  Survey,  Professor 
(now  Sir  Andrew)  Hamsay,  in  his  Presidential  Address  to  the 
British  Association  at  the  meeting  at  Swansea  in  1880,  refers  to 
this  lowest  set  of  beds,  and  claims  the  14  feet  bed  of  rock-salt 
proved  beneath  the  limestone  to  be  of  Permian  age.  He  says,  **  In 
the  North  of  England,  at  and  near  Middlesborough,  two  deep  bore- 
holes were  made  some  years  ago  in  the  hope  of  reaching  the  Coal- 
measures  of  the  Durham  Coal-field.  One  of  them  at  Saltholme 
was  sunk    to  a  depth  of  1355  feet.      First  they   passed   through 
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74  feet  of  superficial  clay  and  gravel,  next  through  about  1175  feet 
of  Red  Sandstones  and  Marls  with  beds  of  rock-salt  and  gypsum. 
The  whole  of  these  strata  (excepting  the  clay  and  gravel)  evidently 
belong  to  the  Eeuper  Marls  and  Sandstones  of  the  upper  part  of 
our  New  Red  series.  Beneath  these  they  passed  through  67  feet  of 
dolomitic  limestone,  which  in  this  neighbourhood  forms  the  upper 
part  of  the  Permian  series,  and  beneath  the  limestone  the  strata 
consist  of  27  feet  of  gypsum  and  rock-salt  and  marls,  one  of  the 
beds  of  rock-salt  having  a  thickness  of  14  feet  This  bed  of 
Permian  Salt  is  of  some  importance,  since  I  have  been  convinced 
for  long  that  the  British  Permian  strata  were  deposited,  not  in  the 
sea,  but  in  salt  lakes  comparable  in  some  respects  to  the  Great  Salt 
Lake  of  Qtah,  and  in  its  restricted  fauna  to  the  far  greater  salt  lake 
of  the  Caspian  Sea." 

I  do  not  think  the  late  Director-General  ever  saw  the  cores  of  the 
strata  passed  through  in  the  Saltholme  boring,  but  I  examined  them, 
and  I  think  he  must  have  formed  his  opinion  from  the  recorded 
section  and  my  description  of  them,  and  also  from  anal3'ses  of  two 
samples  of  the  limestones,  one  taken  from  the  bed  at  the  depth  of 
1261  feet,  and  the  other  at  a  depth  of  1320  feet.  These  analyses 
were  kindly  given  to  me  by  Mr.  T.  Hugh  Bell  for  the  use  of  the 
Geological  Survey,  and  I  showed  them  to  the  late  Director-General 
who  visited  me  in  his  official  capacity  when  I  was  resident  in 
Darlington. 

Mr.  Edward  Wilson  is  not  inclined  to  admit  the  Permian  age  of 
these  ''  limestones "  and  the  salt-bed  which  has  been  proved 
beneath  them.  He  demurs  to  the  use  of  the  term  "  limestone  "  as 
applied  to  the  whole  of  these  beds,  and  designates  them  instead 
''  indurated  marls."  He  adds,  "  Although  there  appear  to  be 
dolomitic  or  calcareous,  as  well  as  dark  bituminous  beds  among 
them,  they  show  no  sort  of  resemblance  to  any  known  beds  of  the 
Magnesian  Limestone  of  Durham ;  on  the  other  hand,  they  possess 
the  characteristic  greenish  colour  of  certain  Keuper  Marls,  as  well 
as  a  similar  texture,  and  probably  also  mineral  composition,  although 
decidedly  harder  than  most  of  the  rock  of  that  series."  On  these 
grounds  Mr.  Wilson  classes  these  strata  with  the  Keuper  division 
of  the  Trias. 

I  append  the  analyses,  of  what  I  believe  to  be  fair  samples  of  the 
strata  bored  through  at  the  depths  above  mentioned,  and  they  seem 
to  me  to  be  something  more  than  "  indurated  marls." 


Sample  of  Magnesian  Limestone  from  the  bore-hole  (Saltholme),  1261  feet: — 
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limeitoiie   from  the  bore-hole,  anderlying  the  Magneaian  LimestoDe,  'sample 
mo  ft.  depth  :  — 

Carbonate  of  lime 94*48 
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Mr.  Howse  in  a  paper  entitled  a  "Note  on  the  South  Durham 
Salt  Borings,  with  remarks  on  the  Fossils  found  in  the  Magnesian- 
Limeatone  Cores,  and  the  Geological  Position  of  the  Salt,"^  of 
which  be  has  kindly  sent  me  a  copy,  discusses  the  age  of  the 
limestones  and  underlying  salt-bed  and  marls  at  the  Saltholme 
boring.  He  strongly  supports  the  view  that  they  are  of  Permian 
age.  He  examined  the  cores  soon  after  the  boring  was  completed, 
and  "came  to  the  conclusion  that  this  limestone  and  marl  were 
identical  with  the  Upper  Limestone  and  Ked  Marl  of  Sedgwick, 
the  Brotherton  Beds,  and  Red  Marl  of  Kirkby,  as  exposed  at 
Enottingly,  Brotherton,  and  other  places  in  the  south  of  Yorkshire ; 
and  that  it  was  also  identical  with  the  '  Plattendolomit '  of  Geinitz, 
as  seen  near  Gera,  in  the  outskirts  of  the  Thuringerwald,  and  many 
other  parts  of  Germany." 


IV. — Coal  in  the  South  East  of  England. 
By  W.  Whitaker,  B.A  ,  F.R.S.,  F.G.S. 

"  TTTITH   regard   to  the   probability   of  coal   under  cretaceous 

VV  rocks  in  the  South  of  England  it  seems  hardly  possible  to 
conceive  that  the  commercial  enterprise  of  Englishmen  could  have 
failed  to  discover  it  long  ago  if  it  bad  been  in  existence." 

The  above  quotation,  from  a  Presidential  Address,  by  Mr.  H. 
Hall,^  might  serve  as  the  text  for  a  short  discourse  on  the  com- 
mercially unenterprising  character  of  one's  fellow-countrymen,  who 
have  done  practically  nothing  in  the  matter  1 

A  deep  trial-boring  was  certainly  made  some  years  ago,  near 
Battle:  but  the  Sub-Wealden  Boring  was  not  a  matter  of  commer- 
cial enterprise.  Other  deep  borings  have  also  been  made  in  the 
South  of  England,  which  partake  more  of  the  character  of  work 
referred  to,  though  only  as  regards  the  getting  of  water,  not  the 
least  idea  of  looking  for  coal  having  influenced  those  who  made 
them.  It  is  indeed  to  the  enterprise  of  corporations,  of  companies, 
and  of  Government,  in  the  search  for  water,  that  we  owe  almost  all 
our  direct  knowledge  of  the  rocks  underlying  the  Cretaceous  beds 
of  the  London  Basin. 

Just  one  trial-boring  is  being  made  in  search  for  coal,  strange  to 
Bay  by  a  Railway  Company  ;    but,  though  extraordinary  rumours 

*  Natural  History  Transactions  of  Northumberland,  Durham,  and  Newcastle-on- 
Tyiie,  to!,  x.  part  ii. 

^  Trans.  Manchester  Geol.  Soc.  vol.  xx.  p.  388,  and  earlier  in  various  weekly 
newspapers. 
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now  and  then  oome  from  Dover,  praotioally  nothing  is  known, 
beyond  the  very  small  circle  of  the  highly  privileged  few,  of  what 
has  been  found  there.  Since  the  above  was  written  however  a 
welcome  announcement  has  appeared  that  Prof.  Boyd  Dawkins 
hopes  before  long  to  let  anxious  geologists  know  something  about 
the  matter.     May  he  have  something  fresh  to  tell  us !  ^ 

As  a  geologist  I  must  decline  to  be  in  any  way  bound  by  the 
lamentable  failure,  or  one  may  say  the  heartrending  absence,  of 
commercial  enterprise  amongst  my  fellow-Englishmen.  I  have 
elsewhere  given  a  lengthy  account  of  what  has  been  published  on 
the  subject  of  the  old  underground  rocks  of  the  London  Basin, 
and,  in  summing  up  the  general  conclusions  that,  to  my  mind,  may 
fairly  be  drawn,  as  to  the  possible  occurrence  of  Coal  Measures,  have 
ventured  to  say,  **  it  seems  to  me  that  the  day  wiU  come  when  eoal 
will  be  worked  in  the  Sofiih  East  of  England" ' 

I  am  glad  to  say,  however,  that  there  is  now  an  opening  for  the 
development  of  enterprise  in  the  scientilSc  investigation  of  the  deep- 
seated  geology  of  south-eastern  England.  Mr.  J.  T.  Day,  F.G.S., 
impressed  with  the  impoiiance  of  the  question,  "Is  there  Coal 
under  the  London  Basin  ?  "  has  issued  a  circular,  from  which  the 
following  extracts  are  taken : — 

"This  question  has  frequently  been  asked,  but  no  systematio 
attempt  has  ever  been  made  to  answer  it." 

"  If  it  should  be  found  that  coal  does  exist  at  workable  depths,  and 
within  easy  reach  of  the  metropolis,  the  value  of  the  discovery  ... 
would  be  enormous." 

"  With  the  view,  therefore,  to  a  systematic  investigation  of  the 
matter,  it  is  proposed  to  raise  a  fund  of  2000  guineas  to  meet  the 
cost  [of  trial-boring].  This  fund  will  be  presided  over  ...  by 
a  committee  to  be  selected  from  amongst  the  subscribers." 

"Promises  of  support  .  .  .  should  be  sent  to  ...  J.  T.  D," 
[12,  Albert  Square,  Stepney,  London,  E.]. 

Cash  is  not  asked  for,  only  promises,  to  be  redeemed  when  a 
settled  plan  has  been  arrived  at.  Presumably  before  starting  any 
work  a  strong  committee  of  experts  would  be  consulted,  and  it 
should  be  mentioned  that  both  Prof.  Prestwich  and  Prof.  Judd  are 
in  favour  of  the  scheme. 

All  those  who  take  an  interest  in  the  question  should  communicate 
with  Mr.  Day,  who  wishes  it  to  be  understood  that  his  proposal  is 
not  put  forward  on  commercial  grounds,  although  it  appeals  to 
commercial  instincts  as  well  as  to  the  wish  for  further  knowledge 
in  a  very  important  matter. 

Such  being  the  state  of  the  case,  I  am  anxiously  awaiting  the 
appearance  of  "commercial  enterprise,"  coupled  with  scientific 
inquiry. 

'  Trans.  Manchester  Geol.  Soc.  vol.  xx.  p.  362. 

^  The  Geology  of  London,  etc.,  vol.  i.  p.  46  (1889).  Beviewed  in  Geol.  Mao. 
Dec.  1889^,  p.  668. 
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— NOTBS     ON    THS    DlVONIAN    F18HE8    OF    SOAUMKNAO    BaT     AMD 

Campbelltown  in  Canada.^ 

By  Dr.  R.  H.  Traquair,  F.E.8.,  P.O.  8. 

^E  researches  of  the  officers  of  the  Geological  Survey  of 
Canada  have  brought  to  light,  in  the  Devonian  rocks  of 
anmenao  Bay  and  of  Campbelltown,  a  series  of  fossil  fishes  which 
)  of  especial  interest  to  the  geologist  as  well  as  to  the  zoologist^ 
account  of  the  analogies  which  they  bear  to  the  fishes  of  the 
d  Bed  Sandstone  of  Great  Britain.  Principally  collected  by 
r.  G.  H.  Foord,  these  fishes  have  been  described  by  Mr.  J.  F. 
hiteaven,'  and  are  indeed  remarkable  for  their  beautiful  state  of 
sservation,  which  enables  them  to  throw  fresh  light  on  many 
ints  in  the  structure  of  these  ancient  forms.  From  a  purely 
)logical  standpoint  their  interest  is  not  less,  as  we  shall  see. 
Fhe  Edinburgh  Museum  having  been  fortunate  enough  to  obtain  a 
nable  collection  of  these  fishes,  I  am  enabled  to  supplement  Mr. 
liteaves's  descriptions,  as  well  as  to  add  at  least  two  additional 
ctes  to  the  list. 

r.  Fishes  from  the  Upper  Devonian  of  Seaumenae  Bay, 

Ctbnodontidjs. 

Phaneropleuron  curium,  Whiteaves. — As  Mr.  Whiteaves  points 
;,  this  species  is  distinguished  emphatically  from  the  Scotch 
.  Andersoni  by  its  comparatively  short  and  deep  outline,  which  in 
s  case  is  certainly  nut  due  to  distortion.  Some  of  the  Edinburgh 
Bcimens  show  the  Ctenodont  dentition  very  clearly,  but  in  no 
se  have  I  seen  the  ''  smooth,  conical  and  somewhat  compressed 
)ih,**  which  Mr.  Whiteaves  mentions  as  arming  both  the  upper 
d  under  jaw.  And  here  I  must  make  an  important  correction, 
his  second  quarto  memoir  (1889)  Mr.  Whiteaves  refers  to  a 
igment  collected  by  Mr.  Foord  in  1881,  in  which  the  eye  is 
^uated  very  far  forwards  and  surrounded  by  a  complete  circle  of 
out  26  circumorbital  plates.  Referring  also  to  the  suborbitals 
id  preoperculum,  which  are  also  shown  in  the  specimen,  he  says 
at  they  are  "exactly  similar  to  the  corresponding  plates  in 
uthenopteron"  Now,  if  we  refer  to  the  figure  given  of  this 
ecimen  (ib.  pi.  x.  fig.  1),  it  will  be  seen  that  this  exact  similarity 
shared  also  by  the  anterior  half  of  the  cranial  buckler  which  is 
esent,  as  well  as  by  the  maxilla,  and  the  jugular  plate.  Moreover, 
e  orbit  does  not  occupy  that  position  in  Phaneropleuron  curtum  ; 
r  according  to  a  specimen  now  before  me,  it  is  placed,  as  in  Ph, 
ndersoni,^  comparatively  far  back,  and  not  much  in  front  of  the 

'  Read  before  Section  C  of  the  British  Association  at  Newcastle-on-Tyne, 
ptember  16th,  1889. 

•  Am.  Joam.  Sc.  and  Arts  (3),  xx.  1880  ;  Canad.  Naturalist,  n.  ser.  x. ;  Am. 
turalist,  xix.  1886  ;  Canad.  Nat.  and  Quart.  Journ.  Sc.  n.s.  vol.  x.  1881.  Mr. 
uteaves*8  detailed  descriptions  are  given  in  two  quarto  memoirs  entitled  '*  lUustra- 
is  of  the  Fossil  Fishes  of  Canada,"  from  the  Trans.  Roy.  Soc.  Canada,  vol  iv. 

i?.  1886,  and  vol.  vi.  sec.  iv.  1888. 

On  the  position  of  the  orbit  in  Phaneropleuron  Andersoni  see  Traquair,  Geol. 
0.  Vol.  Vlll.  1871,  pp.  630-631. 
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operculum.  In  fact,  there  can  be  no  doubt  that  the  specimen 
referred  to  by  Mr.  Wbiteaves  belongs  to  Eusthenopteron  Foordii, 
and  not  to  Phaneropleuron  at  all.  llie  '*  circumorbital "  plates  are, 
as  we  shall  see  under  JSusthenopteron,  sclerotic  in  their  nature. 

Ptbbiohtbyidji. 

Bothrtolepis  CanadenBta,  Wbiteaves. — Eemarks  on  this  species  will 
be  found  in  my  paper  on  the  "Structure  and  ClassilScation  of  the 
Asterolepidse,"  Ann.  and  Mag.  Nat  Hist  for  Dec.  1888. 

Cephalaspida. 

Cephalaspts  latieeps,  sp.  nov. — Only  one  specimen,  whicb  shows 
the  cranial  shield,  with  badly -preserved  traces  of  the  body.  Shield 
proportionately  rather  broad,  length  If  inch,  breadth  2f  inches, 
comua  short:  orbits  rather  close  together,  oval,  large:  tesselated 
divisions  of  middle  layer  very  small :  external  surface  ornamented 
by  small,  smooth,  polished  and  rounded  tubercles,  moderately  dose 
in  position. 

This  is  the  first  occurrence  of  a  Cephalaspid  in  rocks  of  later  age 
than  the  Lower  Devonian,  and  as  such  is  worthy  of  the  attention  of 
the  geologist 

AOANTHODIDJB. 

AcatUhodes  canctnnus,  Wbiteaves. — This  is  a  true  Aeanihodes,  and 
differs  remarkably  in  the  sculpture  of  the  scales  from  all  the  other 
species  of  the  genus. 

Meaaeanthua  offinis,  Wbiteaves,  sp. — At  first  Mr.  Wbiteaves  was 
inclined,  though  doubtfully,  to  refer  this  little  fish  to  Acanthodea 
Mitchelli  of  Egerton,  from  the  Forfarshire  beds;  subsequently, 
however,  he  decided  to  retain  it  as  distinct,  though  still  apparently 
with  doubt,  as  he  speaks  only  of  there  being  '*  some  reason  for 
supposing  that  this  interesting  little  fish  is  distinct  from  the 
A.  Mitchelli  of  the  Devonian  rocks  of  Scotland."  It  is,  however, 
only  necessary  to  place  specimens  of  the  two  forms  side  by  side 
to  see  that  they  are  qnit«  distinct,  as  the  scales  of  the  Canadian 
species  are  proportionally  very  much  larger  than  in  Mitchelli, 

Owing  to  the  very  distinct  presence  of  a  pair  of  small  spines 
intermediate  between  the  pectorals  and  ventrals  in  A.  Mitchelli,  and 
in  A.  Feachiif  Eg.,  I  have  proposed  to  include  them  in  the  new 
genus  Mesacanthm,^  including  also,  from  its  general  expect,  A. 
puailluBy  Ag.,  from  the  Moray  Firth  beds,  although  our  specimens  of 
the  latter  are  not  well  enough  preserved  to  show  them.  Here  I 
would  also  place  M.  affinisy  as  in  one  specimen  1  at  least  imagine 
I  see  one  of  those  minute  intermediate  spines. 

HOLOPTTOHIIB-K. 

Glyptolepia  Quehecenaiay  Wbiteaves. — The  collection  in  the  Edin- 
burgh Museum  contains  one  head  of  a  small  Holoptychian  fish  which 
I  provisionally  refer  to  this  species,  although  unfortunately  no  body 
is  present:  equally  unfortunately,  the  head  in  the  only  specimen 
desciibed  by  Mr.  Wbiteaves  is  not  well  enough  preserved  to  show 

^  Gbol.  Mao.  Dec  III.  YoL  Y.  1888,  p.  611. 
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its  structure  or  markiDgs.  This  head  displays  the  typical  Holo- 
ptychian  osteology  and  dentition,  the  laniaries  of  the  under  jaw  being 
acutely  conioal,  and  striated  to  near  the  apex  :  they  seem,  however, 
to  be  round  in  transverse  section. 

Mr.  Whiteaves  at  first  referred  his  Olyptolepis  to  G.  mierO' 
lepidoius  of  Agassiz,  though  with  some  doubt,  and  even  in  his 
subsequent  detailed  description,  in  which  be  adopts  the  name 
Quebecensts,  he  still  seems  to  be  uncertain  as  to  its  distinctness  or 
the  contrary.  For  he  says  :  "  As  it  seems  impossible  to  decide  from 
the  description  and  figure  of  G.  mierolepidotus  in  Agassiz's  mono- 
graph whether  the  Canadian  species  is  identical  with  it  or  not,  it 
seems  safer  to  give  the  latter  a  provisional  name  until  the  true 
specific  relations  of  each  shall  have  been  ascertained  by  a  direct 
comparison  of  specimens  from  both  sides  of  the  Atlantic." 

There  is,  however,  no  need  for  regarding  the  name  Qtiehecensts  as 
provisional,  so  far  as  any  possible  identity  with  microlepidotfis  is  con- 
cerned. For  Mr.  Whiteaves's  figure  shows  a  true  Boloptyehian,  and 
probably  a  Olyptolepis,  whereas  Agassiz's  G,  mierolepidotus  is  not 
referable  to  Olyptolepis  at  all,  nor  even  to  the  same  family.  That 
fish  is,  as  I  have  shown  (Gbol.  Mao.  Dec.  III.  Vol.  V.  1888,  p.  614), 
a  true  Rhizodont,  and  is,  1  believe,  both  genenoally  and  specifically 
identical  with  McGoy^s  Oyroptychius  angmtua, 

Rhizodontida. 

Eusthenopteron  Foordii^  Whiteaves. — The  characters  which  Mr. 
Whiteaves  gives  as  distinguishing  his  genus  Eusthenopteron  from 
TriBtichopteruSf  Egerton,  are  briefly  as  follows : — 

1.  That  "the  vertebral  centra  o{  Eusthenopteron  do  not  seora  to 
to  have  been  ossified  at  all,"  whereas  "  in  Tristtchopterus  on  the 
other  hand  the  vertebral  centres  are  stated  to  be  completely  ossified." 

2.  That  the  large  bones  bearing  the  three  ossicles  which  directly 
support  the  second  dorsal  and  the  anal  fin  in  Eusthenopteron  are  inter- 
spinous  in  character,  whereas  '*  the  corresponding  bones  in  Tristi- 
chopterus  are  represented  as  spinous  rather  than  interspinous  in 
their  character,  and  as  each  abutting  directly  on  the  vertebral  axis." 

3.  The  much  greater  vertical  symmetry  of  the  caudal  fin  in 
Eusthenopteron. 

4.  The  presence  of  two  cutting  edges  in  the  laniary  teeth  of 
Eusthenopteron. 

Keasons  3  and  4  certainly  hold  good  whether  they  be  of  generic 
value  or  not  But  such  is  not  the  case  with  the  first  and  second. 
For  specimens  of  Eusthenopteron  Foordii  now  before  me  show 
undoubtedly  the  presence  of  vertebral  centra  in  the  anterior  part  of 
the  body  at  least,  these  being  in  the  form  of  hollow  rings  as  in 
EhizodopsiSy  and  I  am  firmly  of  opinion  that  the  vertebrae  of  Tristi- 
chopterus  are  in  the  same  condition,  and  that  "in  this  genus  the 
ossification  and  segmentation  of  the  vertebral  column"  was  not  "com- 
plete," as  supposed  by  Sir  Philip  Egerton.  And  also  as  regards  the 
large  fin-supporting  bones  alluded  to  in  the  second  reason,  I  am 
equally  of  opinion  that  Sir  Philip  Egerton  was  in  error  in  consiiler- 

DBCADB   UI.  —  VOL.  VH. — NO.  1.  ^ 
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ing  them  to  be  Bpinous,  and  not  interapinous.  It  woald  indeed  bd 
odd  if  80  great  a  morphological  difiference  existed  between  such 
similar  elements  in  such  closely -allied  fishes.  Comparing  specimens 
oi Etisthenopieron  and  TrisiiehoitteruB  in  the  Edinburgh  collection,  there 
can  be  no  doubt  as  to  their  exceeditig  similarity  of  structure,  though 
the  differences  mentioned  in  reasons  3  and  4  seem  to  me  to  justify 
the  retention  of  the  former  generic  name.  It  must  be  remembered, 
however,  that  in  such  questions  much  depends  on  the  idiosynoracy  of 
the  individual  writer — differences,  which  to  some  minds  may  seem 
generic,  are  not  always  of  the  same  importance  in  the  eyes  of  others. 
Mr.  Whiteaves  describes  the  cranial  buckler  as  divided  by  a  trans- 
verse suture  into  two  unequal  parts,  an  anterior  or  frontal^  and  a 
posterior  or  parietal  plate.  This  is  of  course  true,  but  he  makes  no 
mention  of  the  constituent  bones  of  these  two  great  divisions  of  the 
cranial  shield,  which  can,  in  fact,  only  be  made  out  when  the  shield 
is  viewed  from  the  internal  or  non- sculptured  aspect  The  posterior 
part  may  be  seen  in  this  way  to  consist  of  two  elongated  parietals, 
each  of  which  is  flanked  by  two  smaller  plates,  a  squamosal  behind 
and  a  postfrontal  in  front,  exactly  as  in  Bhizodopsis,  Osteolepis,  etc. 
Likewise  the  anterior  portion  consists  of  two  frontals  in  contact  with 
each  other  in  the  middle  line,  but  without  the  pineal  foramen  seen 
in  many  Osteolepids  (OsteolepiSy  Diplopterua,  Thursius),  while  in 
front  of  these,  and  received  posteriorly  in  an  angle  between  their 
anterior  extremities  is  an  oblong  median  ethmoidal,  flanked  on  each 
side  by  a  lateral  ethmoidal,  while  the  space  between  these  and  the 
premaxillsB  is  apparently  covered  by  a  number  of  small  polygonal 

?late8  as  in  Holoptychids,  Bhizodonts,  and  Osteolepids  generally, 
have  remarked  above  that  the  sutures  between  these  plates  can 
only  be  seen  when  the  cranial  shield  is  examined  from  the  internal 
aspect ;  on  the  outside  nothing  is  seen  but  a  median  groove,  noticed 
by  Whiteaves,  separating  the  two  frontals,  and  bifurcating  in  front 
behind  the  median  ethmoid. 

A  circle  of  small  quadrangular  or  slightly  wedge-shaped  plates 
occurs  in  the  position  of  the  eye,  of  which  six  are  seen  in  one 
specimen  before  me,  while  in  Mr.  Whiteaves's  paper  five  are 
represented  in  his  restored  figure  (pi.  vi.  of  his  second  quarto 
paper),  and  the  whole  circle,  "about  twenty-six,"  in  the  specimen 
erroneously  referred  to  Fhaneropleuron  {ih.  pi.  x.  fig.  1).  Of  these 
plates  Mr.  Whiteaves  observes  that  they  "  are  probably  homologous 
with  the  ciroumorbitals  of  Traquair's  restoration  of  Dapedius,  as  well 
as  suggestive  in  a  general  way  of  the  still  more  highly  specialized 
sclerotic  plates  in  the  eye  of  Ichthyosaurus  and  Megahsaurus" 

Now,  as  it  is  clear  that  these  little  plates  cannot  be  both  of  two 
such  very  different  things  at  once,  a  choice  must  be  made,  and  from 
their  shape  and  their  position  relative  to  the  other  bones  in  the 
head  in  which  I  have  observed  them,  I  have  no  doubt  that  they  are 
sclerotic  and  not  circumorbital  in  their  nature.  If  this  view  be 
correct,  we  have  in  Eusthenopteron  a  condition  almost  unique  among 
fishes,  for  though  sclerotic  ossifications  are  not  uncommon  amongst 
them»  in  no  fish,  except  certain  Coelacanths  do  they  assume  the  form 
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of  a  continuous  ring  of  quadrangular  plates  as  they  do  in  recent 
Birds  and  Lizards  and  in  extinct  Ichthyosauria  and  Stegocephala. 

The  plate  labelled  "  preoperculum "  by  Whiteaves  consists  in 
reality  of  three  pieces,  as  in  Rhizodopais,  Megalichthys,  etc.,  of  which 
only  one,  the  narrow  semilunar  posterior  division  (see  my  figure  of 
the  head  of  Bhizodopsis),^  can  be  supposed  to  represent  a  preoper- 
calum,  the  other  two  being  cheek-plates.  Here  I  must  confess  to 
have  also  failed  to  observe  this  in  my  previous  study  of  Trt«ft- 
ehopierus*  as  a  re-examination  of  the  same  specimens  incontestably 
proves  the  presence  of  the  same  elements  in  that  genus. 

The  mandible  shows  very  distinct  evidence  of  being  composed  of  the 
same  elements  as  in  Bhizodopsis  and  Bhizodus.  The  laniary  teeth  are 
like  those  uf  Rhizodus  in  miniature,  being  rounded  and  fluted  at  the 
base,  smooth  and  two-edged  higher  up.  A  transverse  section  of  the 
flated  portion  shows  that  the  dentine  is  here  thrown  into  complex  laby- 
rinthine foldings.  1  can  see  none  but  small  teeth  on  the  maxilla,  as 
in  other  Rhizodonts  and  Osteolepids,  but  the  vomers  are,  as  usual, 
armed  with  strong  tusks.  Mr.  Whiteaves  states  that  ''in  Eustheno- 
pteroUf  as  in  Tristiehopterus,  no  trace  can  be  detected  of  an  azygos 
jagular  plate,  or  of  any  small  lateral  plates."  There  is  certainly  no 
median  jugular,  but  in  one  of  our  specimens  the  presence  of  five 
narrow  lateral  jugulars  is  very  distinctly  shown.  No  specimen  of 
Trtslichopterus  as  yet  known  is  well  enough  preserved  in  this  region 
to  show  these  small  lateral  plates. 

A  very  great  interest  attaches  to  the  internal  skeleton  of  the  paired 
fins,  which  in  the  case  of  the  pectoral  is  tolerably  accurately  figured 
by  Mr.  Whiteaves,  though  he  does  not  seem  very  decided  as  to  the 
interpretation  to  be  placed  upon  the  arrangement  shown.  There  is 
a  segmented  axis  consisting  of  four  bony  segments  or  mesomeres, 
placed  end  to  end,  each  being  slightly  constricted  in  the  middle.  Each 
of  these,  except  the  last,  has  likewise  attached  to  it  on  the  preaxial 
side  of  its  distal  extremity,  a  small  bone,  also  constricted  in  the 
middle  and  passing  outwards  and  backwards  at  an  acute  angle ; 
these  small  bones  being  clearly  parameres.  The  first  mesomere,  and 
in  one  case  also  the  third,  gives  off  likewise  on  its  postaxial  side  a  flat 
backwardly  directed  process,  which  is  certainly  only  a  process  and  not 
a  distinct  bone.  I  may  here  also  state  that  there  is  some  evidence 
of  an  additional  mesomere  in  advance  of  or  proximally  situated  to 
that  which  I  have  termed  the  first,  and  bearing  no  paramere.  A 
very  similar  arrangement  is  found  in  the  pelvic  fin,  whose  internal 
skeleton  was  not  perfectly  preserved  in  Mr.  Whiteaves's  specimens ; 
here  I  find  at  lecwt  two  mesomeres,  each  bearing  a  paramere,  there 
being,  I  think,  also  a  probability  of  the  presence  of  a  third  or  distal 
mesomere. 

The  arrangement  seen  in  the  pectoral  fin  of  Tristiehopterus y  which 
I  figured  in  1874,'  is  essentially  the  same  as  that  described  above, 
though  at  the  time  I  wrote  my  description  of  the  last-mentioned 
genus,  and  taking  the  condition  of  preservation  of  the  specimen  into 

*  Trans.  Roy.  Soc.  Edin.  vol.  xxx.  1881. 

'  Trans.  Roy.  Soc.  Edin.  vol.  ixvii.  1874. 

*  Trans,  Boy.  Soc,  Edin,  pi.  xxxii.  fig.  9. 
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account,  I  did  not  feel  quite  certain  as  to  whether  I  should  consider 
the  postaxial  processes  of  certain  mesomeres  as  parameres  or  not 
The  internal  skeleton  of  the  pectoral  in  the  Carboniferous  Bhizodoptis, 
as  I  have  observed  it  in  specimens  belonging  to  Mr.  Ward,  F.G.S., 
of  Longton,  is  also  constructed  on  the  very  same  plan. 

It  follows,  then,  that  the  skeleton  of  the  paired  fins  in  the  Rbizodon- 
tidad  is  an  abbreviate  uniserial  *'  archipterygium,"  and  if,  as  seems 
probable,  the  Holoptychiidsa  are  the  more  archaic  group,  then  the 
Geratodus-like  pectoral  of  Boloptyehius  is  a  more  primitive  form 
of  limb.  This  paired-fin  skeleton  in  Eusthenopteron  and  its  allies 
may  therefore,  along  with  the  corresponding  conditions  in  Fleuracan- 
thus  and  CladoduSy  be  considered  of  special  interest  in  conneotioD 
with  the  "  archipterygium  question." 

pALiBONISOIDA. 

Cheirolepis  Canadensis,  Whiteaves. — Unfortunately  the  Edinburgh 
Museum  contains  only  a  few  fragments  of  this  species,  so  that  I  have 
no  means  of  comparing  it  thoroughly  with  the  Scottish  specimens  of 
the  genus,  all  of  which,  in  my  opinion,  are  referable  to  one  species 
only,  Ch.  Trailli,  Ag. 

11.  Fishes  from  the  Lower  Devonian  of  Camphelltovm. 

CoOOOSTEIDiB. 

Fhlyctanius,  nov.  gen.  Ph.  Aeadicus,  Whiteaves,  sp. — On  examining 
several  pretty  good  specimens  of  this  curious  Coccostean,  named  by 
Mr.  Whiteaves  Coccosteus  Acadicus,  I  find  that  it  exhibits  certain 
characters  which  are  neither  in  accordance  with  those  of  the  genus 
Coccosteus,  nor  with  Mr.  Whiteaves*s  diagram  of  its  cranial  shield. 
Allied  to  Coccosteus  it  is,  as  the  arrangement  of  the  sensory  gi*ooves, 
correctly  indicated  in  Mr.  Whiteaves's  figure,  clearly  shows.  But 
the  sutures  between  the  bones  are  only  seen  with  the  greatest 
difficulty ;  indeed  Mr.  Whiteaves  admits  that  the  dotted  lines  in  his 
figure  only  represent  their  *'  supposed  outlines."  Accordingly  he 
has  indicated  by  means  of  those  dotted  lines  certain  plates  having 
the  same  general  outline  as  the  median -occipital,  lateral-occipital, 
and  central  plates  in  Coccosteus  decipiens,  Ag.,  whereas  the  real 
outline  of  these  plates  seems  to  me  to  be  very  dififerent.  The 
median-occipital,  instead  of  being  trapezoidal,  with  long  posterior 
margin,  shorter  anterior  one,  and  convergent  sides,  appears  elongated 
and  five-sided,  there  being  an  anterior  acute  angle  which  is  received 
in  a  notch  between  the  two  centrals  in  front,  which  are  themselves 
also  elongated  and  more  or  less  of  a  six-sided  contour.  Laterally 
the  external  occipital,  marginal,  and  postorbital  may  be  easily  made 
out,  and  I  think  the  preorbitals  are  also  apparent  enough.  The 
orbital  portion  of  the  shield  (=  the  part  between  the  letters  d 
and  e  in  Whiteaves'  figure)  are  rather  more  anterior  and  look  more 
forwards  than  in  Coccosteus.  None  of  our  specimens  show  Mr. 
Whiteaves's  "  rostral "  plate,  which  is  evidently  the  equivalent  of 
that  which  I  have  called  anterior  ethmoidal  in  Coccosteus  decipiens.^ 

*  HomoMteut  compared  with   Coceottnts,  Gbol.  Mao.  Dec.  III.  Vol.  YI.  Jan. 
1889,  PL  I.  Fig.  2  «,  •. 
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The  differenoe  in  the  form  of  those  bones  of  the  cranial  shield 
seems  to  me  certainly  to  be  of  generic  importance,  and  I  doubt  not 
bat  that  many  other  important  differences  would  be  apparent  were 
the  remains  more  complete.  (I  may  remark  that  the  plate  figured 
by  Mr.  Whiteaves  as  a  '<  ventro-median  (?)  plate  "  canuot  be  so,  as 
it  is  not  bilaterally  symmetrical.)  I  therefore  propose  for  it  the 
generic  name  JPhlycUBnius. 

It  is  also  of  considerable  interest  to  note  that  the  Edinburgh 
Maseum  also  possesses  a  small  Coccostean  head  from  Cradley, 
Herefordshire,  which  is  referable  to  the  same  genus  as  the  above. 
A  description  of  this,  the  first  known  Coccostean  from  the  West 
of  England,  is  reserved  for  the  next  Number  of  the  Geological 
Maqazimb. 

CsPHALASPIDiB. 

Cephalaspis  CampheUtownensiSy  Whiteaves. — Mr.  Whiteaves  men- 
tions as  a  character  of  this  species  that  the  surface  displays  little 
pits  instead  of  the  characteristic  tuberculation.  The  outer  surface  does 
not  seem  to  me  to  be  preserved  in  the  Campbelltown  Cephalaspidsd 
any  more  than  it  is  in  those  from  some  localities  in  Forfarshire. 

In  its  contour  the  shield  of  C.  Camphelltownensis  is,  however, 
proportionally  considerably  broader  than  in  C,  LyeUi,  though  this 
may  partly  be  due  to  these  shields  in  the  Campbelltown  deposits  being 
always  crushed  out  quite  flat.  The  orbits  are  proportionally  further 
back  from  the  front  of  the  shield. 

Cephalaspis  Whiteavesiy  sp.  nov.,  Traq. — Buckler  triangular  in 
general  appearance,  rather  acutely  and  conspicuously  painted  in 
front,  comua  rather  prolonged  and  incurved,  orbits  large,  polygonal 
tessellation  somewhat  coarse.     Surface  ornament  not  seen. 

This  is'  a  most  striking  form,  no  hitherto  described  species  of 
Cephalaspis  having  that  remarkably  pointed  anterior  contour  which 
indeed  reminds  us  of  the  front  of  a  Skate.  I  beg  therefore  to 
dedicate  the  species  to  Mr.  Whiteaves,  who  has  been  the  first  to 
describe  the  fishes  from  Scaumenac  and  Campbelltown. 

ACANTHODIDA. 

Mr.  Smitb  Woodward  has  already  pointed  out  that  the  species 
named  by  Whiteaves  Ctenacanthus  latispinosus  and  Homacanthua 
gracilis  are  Acanthodian  in  their  nature,  and  are  not  distinguishable 
from  those  of  Climatius.^ 

Gyraoanthus. 

A  veritable  Selachian  ichthyodorulite  has,  however,  turned  up  in 
the  shape  of  a  new  species  of  GyracanthuSy  to  which  I  apply  the 
name  O.  incurvus.  The  length  of  the  spine  is  2J  inches,  but  though 
the  point  is  entire,  some  of  the  base  has  been  lost,  so  that  originally 
it  must  have  been  a  little  longer.  It  shows  an  antero-posterior 
cnrvature  of  a  very  much  stronger  and  more  pronounced  description 
than  is  found  in  the  young  forms  of  any  hitherto  described  species, 
and  this  together  with  the  great  delicacy  of  its  ornamentation  dis- 
tinguishes it  as  new.     The  ornamentation  consists  of  rather  fine 

*  Add.  and  Mag.  Nat  Hist.  (6)  iv.  p.  183. 
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ridges  passing  ^with  a  very  slight  obliquity  over  the  side  of  the 
spine ;  this  obliquity  increases  towards  the  base  as  well  as  towards 
the  anterior  aspect,  where  the  ridges  are  also  rather  coarser  than 
posteriorly.  The  ridges  are  plain  at  the  apex,  but  soon  become 
crenulated,  the  crenulations  being  more  pronounced  on  the  anterior 
aspect. 

That  this  species  belongs  to  the  genus  Ghfracantliw  is  fully  shown, 
not  merely  by  the  nature  of  the  ornament,  but  by  the  obliquity  of 
the  posterior  area,  the  prominent  edge  of  which  is  armed  with  a  row 
of  minute  denticles. 

Oyracanthus  has  hitherto  not  been  known  to  exist  below  the 
horizon  of  the  Carboniferous  rocks.  Its  occurrence  in  the  Lower 
Devonian  of  Canada  is  therefore  as  interesting  a  fact  as  the  occur- 
rence of  Cephalaspis  in  the  Upper  Devonian  of  the  same  country. 


YI. — Notes  on  the  Geolooy  of  the   Gibonde,  with  Especial 

Beferemoe  to  tub  Miocene  Beds. 

By  Gboroe  F.  Harbib,  F.G.S. 

DXTEING  the  past  summer  I  had  the  pleasure  of  studying  the 
Miocene  and  Upper  Oligocene  beds  at  various  places  in  the 
Bordelais,  mostly  under  the  guidance  of  the  amiable  Professor  of 
Geology  in  the  Faculte  des  Sciences  in  Bordeaux,  Monsieur  E. 
Fallot;  and  the  following  notes  are  mainly  intended  to  give  an 
idea  of  the  present  appearance  of  the  classical  Miocene  sections  in 
that  district,  and  to  say  something  concerning  their  classification 
and  that  of  the  other  Tertiary  beds  of  the  Gironde,  following  the 
most  recent  researches  on  the  subject.  In  doing  so,  the  names  of 
the  principal  localities  rich  in  fossils  will  be  prominently  brought 
forward  (supplemented  by  a  table  at  the  end  of  the  article),  chiefly 
with  a  view  to  enable  us  readily  to  fix  the  exact  horizons  of 
specimens  in  museums  and  private  collections  in  this  country. 

The  Tertiary  beds  overlie  the  Upper  Cretaceous,  and  these,  the 
only  Secondary  beds  cropping  out  in  the  Department  of  the 
Gironde,  are  found  near  Yillagrains  and  Landiras.  They  mostly 
consist  of  yellowish  compact  limestone  with  flints  and  the  few 
fossils  that  have  been  collected,  especially  the  Echinoderms,  indicate 
that  both  the  Senonien  and  Danien  divisions  are  present 

Eocene. 

The  Lower  Eocene  nowhere  rests  on  the  yellow  chalk  at  its 
outcrop,  but  in  well-borings,  beds  probably  of  this  age  are  met  with. 
M.  Benoist  believes  ^  that  a  limestone  with  Crenaster  and  Orhitoides 
in  a  well  at  the  Chateau  of  Vigneau  is  about  the  age  of  the  Calcaire 
de  Mens  of  southern  Belgium,  which  latter  it  might  be  mentioned 
is  intermediate  in  age  between  our  Thanet  beds  and  the  uppermost 
Chalk.  Above  the  Crenaster  limestone,  a  conglomerate  surmounted 
by  clays  and  lignites  appears,  and  these  the  same  authority  regards 
as  the  equivalents  of  the  lignites  of  the  Soissonais  of  the  Paris 

^  Journ.  d*HiBt.  Nat.  de  Bordeaax,  1887. 
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basin,  which  are  on  about  the  same  level  as  our  Woolwich  and 
Heading  series.  Following  on  above  these  in  a  well-boring  in 
Blaye,  sands  and  sandstones  occur  containing  Nummtdiies  planulata, 
var.  (aplatie),  believed  by  M.  Benoist  to  be  the  equivalents  of  the 
Sables  de  Cuise  of  the  Paris  basin,  on  about  the  same  horizon  as  the 
uppermost  part  of  the  London  Clay  and  the  Lower  Bagshot  beds 
(London  sands)  of  the  London  basin. 

It  is  noteworthy  that  if  M.  Benoist's  classification  is  correct,  the 
general  succession  of  the  Lower  Eocenes  of  the  Gironde  is  not 
very  different  to  that  of  the  south  of  Belgium  and  northern  por- 
tions of  the  Paris  basin,  except  that  the  equivalents  of  the  Thanet 
Band  are  missing  in  the  Bordeaux  district.  Even  the  lignitio 
character  of  the  analogues  of  the  Woolwich  and  Reading  series  is 
pemistent. 

M.  Fallot,  however,  is  of  opinion  that  M.  Benoist  is  rather  too 
sanguine  about  the  evidence  obtainable  from  the  well-borings.  He 
regards^  most  of  the  conclusions  as  to  correlative  age  as  hypo- 
thetical, although  he  admits  that  just  outside  the  Department,  near 
Saint- Palais  (Charente-Inf6rieure),  the  equivalents  of  the  Sables  de 
Caise  are  found.  He  raises  a  question  an  to  whether  the  NummiUiteB 
are  correctly  determined. 

There  is  no  doubt  whatever  that  Middle  Eocene  beds  are  found  in 
the  Gironde.  The  lower  portions  termed  "  Couches  a  Nummulites," 
mostly  sands  and  sandstones,  are  found  only  in  well-borings.  The 
lowermost  Ek>cene  bed  cropping  out  at  the  surface  is  the  Calcaire 
Grossier,  and  both  the  upper  and  the  lower  divisions  of  this  formation 
occur  with  characteristic  fossils  such  as  Strombua  omatua,  Fotamides 
CHgtUosus,  P.  tricarinatus,  and  Ddphinula  conica,  at  Blaye.  The  Cal- 
caire Grossier  is  approximately  equivalent  to  our  Bracklesham  beds. 
Above  these  come  the  **  Bartonien  "  series  of  clays,  marls  and 
lacustrine  limestones,  characterized  by  the  usual  Ostrea  cucuVaris, 
Umuea  longiscata,  Planorbia  rotundatus,  etc.  The  lower  portion  of 
the  series  corresponds  to  the  *'  Sables  de  Beauchamp  "  (part  of  the 
Sables  Moyens)  of  the  Paris  basin,  or  in  part  to  our  Barton  beds ; 
and  the  upper  to  the  *•  Calcaire  de  Saint-Ouen "  or  our  Upper 
Bagshot  sands.  The  Bartonien  beds  in  the  district  under  discussion 
are  found  principally  in  the  Blayais  and  the  Medoo. 

The  Upper  Eocene  (French  classification)  or  "  Ligurien  "  crops 
out  at  various  places  in  the  northern  half  of  the  Department,  more 
especially  in  the  Blayais,  the  Medoc,  and  near  Saint- Vivien.  This 
BQbdivision  of  the  Tertiaries  in  the  Gironde  is  known  also  as  the 
"Calcaire  marin  de  St.-Est^phe."  It  is  specially  characterized  by 
SUmondia  occitnna^  which  occurs  in  great  abundance.  M.  Benoist 
has  recognized  *  three  horizons  : — 

1 .  [Jpper  zone  with  Clavagtlla  Moulinti, 

2.  Middle  zone  with  Echinoderms. 

3.  Lower  zone  with  Mdiolites  and  Orbiloiites, 

*  Esqaisse  Geol.  du  Dept.  de  la  Gironde  (Feuille  des  Jeunes  NaturaliEtes,  xix.an.), 

1889,  p.  6. 
'  ^'Detc.  des  communes  de  St.-£st^phe  et  de  Vertheuil,     p.  12. 
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The  Qpper  zone  oontains  nameroiiB  molloacs  which  aenre  to  fix 
the  correlatiTe  age  of  the  deposit  AmoDget  them  may  be  cited 
BoiieUaria  {BimeUa)  fi»$urella,  Caljfptraa  trockiformU^  TmniM* 
tvlcifera  and  Diattoma  eo$ieUaia.  These  ha^e  a  distinctly  Galcaire 
Groesier  appearance,  but  IL  Fallot  says  *  that  the  bed  being  above 
the  Limnea  longi$caia  limestone  places  it  rather  on  the  horizon  of  the 
Upper  than  the  Middle  Eocene  of  the  Paris  basin.  I  cannot  help 
thinking,  however,  that  correlation  by  means  of  fresh-water  lime- 
stones containing  long-range  species  is  a  rather  donbtfol  proceeding. 
These  local  fresh- water  beds  are  liable  to  occur  at  varioos  horizons 
in  the  Eocene  and  Oligocene. 

At  Grave,  Bonzac,  and  other  places,  clay  with  Palmotkerium  is 
dassed  with  the  Upper  Eocene,  but  the  higher  portions  of  the  beds 
are  believed  to  be  the  equivalents  of  the  horizon  to  be  next  described. 

Certain  marls  and  loose  sandstones  above  the  Siswumdia  limestone 
which  crop  out  in  the  same  districts  as  that  bed,  are  of  doubtful  age. 
They  are  divided  into  two  parts,  the  upper  being  characterized  by 
Anomia  girondica,  and  the  lower  by  Osirea  bersonentiB,  The  upper 
series  at  the  quarry  of  Meynieu  near  Vertheuil  contains  a  fauna 
having  considerable  affinities  with  the  Tongrien  (Oligocene).  They 
seem  to  be  passage-beds  between  the  Eocene  and  Oligocene. 

OUOOCENS. 

The  beds  classed  under  this  division  of  the  Tertiaries  were,  all  of 
them,  called  Liower  Miocene  by  old  authors,  and  much  confusion 
has  thus  arisen,  though  the  alteration  was  in  some  respects  a  very 
good  one.  I  would  particularly  call  attention  to  the  fact  that  in 
consequence  of  this  change  in  nomenclature  a  great  many  of  the 
excellently-preserved  fossils  in  our  Museums  labelled  "Dax'  (Gaas) 
Miocene,"  "Bordeaux  Miocene,'*  eta,  are  not  in  reality  Miocene 
fossils,  but  Oligocene.  Where  the  precise  locality  is  attached  to  the 
specimens,  it  ought  not  to  be  difficult  to  assign  them  to  their  proper 
age,  and  even  where  this  information  is  not  given,  the  colour  of  the 
matrix  of  the  bed,  together  with  the  correct  identification  of  the 
species,  enables  any  one  familiar  with  the  beds  in  the  field  to  say 
definitely,  in  regard  to  the  majority  of  the  specimens,  whether  they 
are  Oligocene  or  Miocene.  Further,  the  particular  formation  of 
either  division  to  which  they  belong  could  also  by  this  means  in 
most  cases  be  indicated.  The  recognition  of  these  facts  opens  up 
the  question  whether,  in  describing  species  supposed  to  be  new  to 
science,  English  palaeontologists  have  given  that  close  attention  to 
the  so-called  Miocene  species  (really  Oligocene)  of  the  Aquitaiue 
basin  that  they  might  have  done.  We  are  all  aware  of  the  tendency 
of  many  authors  to  "  create  "  new  species  almost  solely  on  the  ground 
that  they  occur  in  different,  rather  widely  separated,  subdivisions 
from  other  species  having  the  closest  affinity  to  them,  and  which,  if 
they  only  occurred  in  one  and  the  same  deposit,  would  be  regarded 
as  npecifically  identical  or  varietal  at  most.     For  instance,  suppose 

*  Op,  eit.  p.  8. 

'  Daz  is  in  the  Department  of  the  Landes,  bat  seeing  that  many  authors  allude  to 
the  locality  in  connexion  with  Bordeaux  Miocenes,  I  thought  it  desirable  to  mention 
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English  Upper  Eocene  mollusoa  are  being  identified,  I  fancy  very 
few  would  (pve  more  than  the  most  superficial  glance  at  works  on 
fonik  called  (under  the  old  nomenclature)  Miocene,  and  yet  on  the 
transferenoe  of  portions  of  these  latter  to  the  Lower  Oligocene,  we 
are  presented  with  a  fauna  of  the  same  age  as  our  Headon  beds. 
I  was  very  much  struck  with  the  close  resemblance  of  several 
Bpecies  of  the  Oligooene  mollusca  in  the  Bordelais  with  those  of  the 
Oligooene  beds  of  the  Isle  of  Wight,  and  I  believe  many  of  them 
are  specifically  identical,  whilst  others  certainly  ought  not  to  rank 
higher  than  "varieties,"  though  the  mollusca  referred  to  are  now 
regarded  as  entirely  distinct  species.  On  the  present  occasion, 
however,  I  do  not  propose  to  go  further  into  this  matter. 

The  Oligooene  beds  of  the  Gironde  are  divided  into  two  etages, 
the  Tongrien  and  the  Aquitanien. 

The  Tongrien  is  subdivided  into  four  parts : 

1.  Lower  moUasse  of  Agenais.  8.  Laciutrine  limeatone  of  Castillon. 

2.  AtUrioi  limestone.  4.  Molliisee  of  the  Fronsadais. 

No.  4  is,  generally,  a  greenish  sandy  clay  without  fossils.  At 
FroDsao  certain  beds  under  this  have  been  called  "  infra-mollas- 
siques"  by  MM.  Fallot  et  Croizier.'  It  is  difficult  to  give  the 
precise  age  of  these  and  of  several  other  beds  found  on  about  the 
same  horizon  in  certain  parts  of  the  Department ;  but  according  to 
the  views  of  the  former  observer,  they  constitute  a  passage  between 
the  Eocene  and  Oligooene. 

No.  3  is  not  very  persistent  in  character.  In  the  typical  locality 
it  is  a  white  limestone  with  flints,  containing  fresh- water  mollusca, 
which  seem  to  indicate  that  it  is  approximately  of  the  age  of  the 
"Calcaire  de  Brie"  of  the  Paris  basin. 

No.  2  is  also  known  as  the  Bourg  or  Saint-Macaire  limestone, 
and  is  the  most  typically  developed  Tongrien  bed  in  the  district 
The  lower  part,  well  developed  near  Libourne,  contains  Ostrea 
cpthula  and  O.  longirosiris.  The  upper  or  true  Asterias  limestone 
forms  the  hills  between  Roqne-de-Tau  and  Bourg,  the  high  ground 
bordering  the  Dordogne,  and,  generally,  the  south-eastern  and 
central  portion  of  the  Department,  and  in  certain  places  from 
Pauillao  to  Vendais,  between  the  western  bank  of  the  Garonne 
and  the  sea.  Characteristic  fossils  are  Trochus  laharum,  Natica 
(dmpullina)  crassatinay  Pectunculus  angusticostatM,  Delphinula 
wo6ina  and  Lncina  Delboai,  The  general  facies,  M.  Fallot  says,* 
is  that  of  the  ''  Sables  de  Fontainebleau  "  of  the  Paris  basin. 

No.  I  is  a  green  or  yellow  clay  with  calcareous  concretions ;  in 
^nie  localities  the  beds  are  more  or  less  sandy,  but  interesting  on 
account  of  the  occurrence  in  them  of  Anthracotheriumy  Rhinoceros, 
and  other  mammals. 

The  higher  subdivision  of  the  Oligooene — the  Aquitanien — is 
generally  split  up  into  three  assises : — 

1.  Upper. — Grey  limestone  of  Aeenais. 

2.  Miadle.— Bazas  sandstone,  and  middle  moUasse  of  Agenais. 

3.  Lower. — White  limestone  of  Agenais. 

The  Aquitanien  beds  crop  out  principally  in  the  south-east  of  the 

1  Actes  Soc.  Lin.  de  Bordeaux,  tome  xl.  p.  55. 

s  «  EsqnisM  G6ol.  da  Dept.  de  la  Gironde,"  1889,  p.  10. 
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Gironde,  but  also  in  many  river-yalleyB  to  the  south  and  west  of 
Bordeaux.  The  upper  and  lower  Aquitanien  have  generally  a  fresh- 
water faoies,  whilst  the  middle  is  marine ;  but  this  does  not  hold 
good  in  the  western  portions  of  the  area  under  consideration.  As 
they  are  traoed  westwards,  the  fresh-water  beds  gradually  become 
more  marine  in  character,  and,  as  might  naturally  be  supposed,  it  is 
next  to  impossible  to  define  the  three  assises  where  this  is  the  case ; 
the  latter  have,  therefore,  only  a  local  value  in  the  Agenais. 

The  Aquitanien  beds  presenting  the  greatest  interest,  perhaps, 
to  English  paleeontologists  are  those  found  in  the  valleys  round 
Saucats  and  La  Brede,  about  twelve  miles  south  of  Bordeaux,  for  the 
majority  of  the  Bordelais  Oligocene  fossils  come  from  thence.  The 
district  has  been  most  admirably  described  by  M.  Toumouer,^  and 
the  following  useful  zones  have  been  established,  the  oldest,  as  usual, 
being  placed  at  the  bottom  : — 

6.  Marly  lacustrine  limeetone,  with  Eelix  pirondiea,  Limnea  girondiea  and  J)rn»$ma 
Brardi, 

4.  An  argillaoeoos  bed  with  Pbtamidti  in  one  place  and  a  marine  bed  in  another. 
3.  LacuBtrine  limeetone  of  Saucats. 

2.  A  loosely  compacted  sandstone  corresponding  to  the  Basas  sandstone,  and 
known  to  Boraeanx  geologists  as  "  roche  sableuse  janne.'* 

1.  Blue  and  white  clays  with  Neritina  Fettuaei  (Merita  pkta). 

These  form  the  first  (lowest)  five  zones  of  what  are  known  as  "  les 
couches  faluniennes  "  of  that  author. 

The  bed  No.  4  at  Lariey  (about  two  miles  north-east  of  Saucats) 
is  very  fossiliferous,  containing  many  species  originally  called 
*'  Lower  Miocene."  Under  M.  Fallot's  guidance,  I  succeeded  in 
obtaining  a  large  number  from  a  few  small  openings,  amongst  which 
may  be  mentioned  Cyllentna  baceaia,  var.  minor,  Proto  Basteroii, 
Calyptraa  sinensis,  Chama  Broechi,  Lucina  dentata,  Terebra  (Hastula) 
cinereay  and  Cytherea  undaia. 

The  same  horizon  is  met  with  under  another  guise  in  a  road- 
section  on  the  way  to  Son,  between  Lariey  and  Saucats,  but  nearer 
the  former  place.  The  locality  is  sometimes  referred  to  as  "Moulin 
de  TEglise.*'  In  this  road -cutting  one  sees  zones  3,  4,  and  5.  Here 
zone  4  has  changed  into  a  brackitth-water  fauna  chiefly  composed  of 
Fotamides. 

Miocene. 

•  This  comprises  the  Middle  and  Upper  Miocene  of  old  authors. 
Beds  of  this  age  occupy  the  greater  portion  of  the  western  half  of  the 
Gironde;  but  they  are  so  completely  covered  by  superficial  deposits, 
mostly  by  the  "  Sable  des  Landes,"  that  they  are  visible  at  but  very 
few  points,  situated  almost  exclusively  in  river-valleys  which  have 
been  cut  by  ordinary  river  action,  down  through  the  '*  sable  "  alluded 
to.  The  beds  are  divided  into  four  parts,  forming,  in  upward  succes- 
sion to  the  Bordelais  Aquitanien  beds,  a  further  instalment  of  "les 
couches  faluniennes,'*  and  numbered  as  follows  : — 

9.  Falans  of  Salles  and  Sime,  with  the  mollasse  of  Martignas. 
8.  Falans  of  Saucats  and  Gestas. 

7.  Typical  falun  of  L^ognan,  and  those  of  Cassagne  and  Lagns. 

6.  Mollasse  of  L^gnan,  with  the  lower  faluns  of  L^ognan  and  those  of  Oirandean 
and  Feloua. 

>  <'  Bull.  Soc.  G^ol.  de  France,"  2«  ser.  tome  ziz.  p.  1039. 
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Gironde,  but  also  in  many  river-yalleyB  to  the  south  and  west  c 
Bordeaux.  The  upper  and  lower  Aquitanien  have  generally  a  fresh 
water  facies,  whilst  the  middle  is  marine ;  but  this  does  not  hole 
good  in  the  western  portions  of  the  area  under  consideration.  Ai 
they  are  traoed  westwards,  the  fresh-water  beds  gradually  become 
more  marine  in  character,  and,  as  might  naturally  be  supposed,  it  is 
next  to  impossible  to  define  the  three  assises  where  this  is  the  case ; 
the  latter  have,  therefore,  only  a  local  value  in  the  Agenais. 

The  Aquitanien  beds  presenting  the  greatest  interest,  perhaps, 
to  English  paleeontologists  are  those  found  in  the  valleys  round 
Saucats  and  La  Brede,  about  twelve  miles  south  of  Bordeaux,  for  the 
majority  of  the  Bordelais  Oligooene  fossils  come  from  thence.  The 
district  has  been  most  admirably  described  by  H.  Toumouer,^  and 
the  following  useful  zones  have  been  established,  the  oldest,  as  usual, 
being  placed  at  the  bottom  : — 

6.  Marly  lacustrine  limeetone,  with  Helix girwidica^  Zimnea  firondiea  and  Drtis$mm 
Brardi, 

4.  An  argillaceous  bed  with  Potam\d$»  in  one  place  and  a  marine  bed  in  another. 
3.  Lucostrine  limestone  of  Saucats. 

2.  A  loosely  compacted  sandstone  corresponding  to  the  Bazas  sandstone,  and 
known  to  Bordeaux  geologists  as  "  roche  sableuse  jaune.'* 

1.  Blue  and  white  clays  with  Neritina  Feituaci  (Merita pieUi), 

These  form  the  first  (lowest)  five  zones  of  what  are  known  as  "  les 
couches  faluniennes  "  of  that  author. 

The  bed  No.  4  at  Lariey  (about  two  miles  north-east  of  Saucats) 
is  very  fossiliferous,  containing  many  species  originally  called 
**  Lower  Miocene."  Under  M.  Fallot's  guidance,  I  succeeded  in 
obtaining  a  large  number  from  a  few  small  openings,  amongst  which 
may  be  mentioned  Cyllenina  baccaia,  var.  minor,  Proto  Basterotif 
Calypiraa  sinensis,  Chama  Brocchi,  Lucina  dentata,  Terebra  (Hastula) 
cinereaj  and  Cytherea  undaia. 

The  same  horizon  is  met  with  under  another  guise  in  a  road- 
section  on  the  way  to  Son,  between  Lariey  and  Saucats,  but  nearer 
the  former  place.  The  locality  is  sometimes  referred  to  as  '*  Moulin 
de  TEglise."  In  this  road -cutting  one  sees  zones  3,  4,  and  5.  Here 
zone  4  has  changed  into  a  brackibh-water  fauna  chiefly  composed  of 
Fotamides, 

Miocene. 

•  This  comprises  the  Middle  and  Upper  Miocene  of  old  authors. 
Beds  of  this  age  occupy  the  greater  portion  of  the  western  half  of  the 
Gironde ;  but  they  are  so  completely  covered  by  superficial  deposits, 
mostly  by  the  "  Sable  des  Landes,"  that  they  are  visible  at  but  very 
few  points,  situated  almost  exclusively  in  river- valleys  which  have 
been  cut  by  ordinary  river  action,  down  through  the  "  sable  "  alluded 
to.  The  beds  are  divided  into  four  parts,  forming,  in  upward  succes- 
sion to  the  Bordelais  Aquitanien  beds,  a  further  instalment  of  *'les 
couches  faluniennes,''  and  numbered  as  follows  : — 

9.  Faluns  of  Salles  and  Sime,  with  the  mollasse  of  Martignas. 
8.  Faluns  of  Saucats  and  Cestas. 

7.  Typical  falun  of  L^ognan,  and  those  of  Cassafne  and  Lagus. 

6.  >f ollasse  of  L^ognan,  with  the  lower  falnns  of  L^gnan  and  those  of  Girandean 
and  Feloua. 

'  "  Bull.  Soc.  G^l.  de  France,*'  7^  mx.  tome  xix.  p.  1039. 
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These  are  grouped  into  Stages.  Nos.  6  to  8,  both  inclusive,  belong 
to  M.  Mayer- £ymar's  **  Langhien  "  and  No.  9  to  the  "  Helvetien," 
and  although  this  nomenclature  is  generally  aooepted  by  Bordeaux 
geologists,  M.  Fallot  points  out '  that  it  is  not  strictly  applicable  to 
the  Miocenes  of  the  Gironde.  Neither  are  the  Austrian  divisions 
(Ist  and  2nd  Mediterranean  etages).  The  uppermost  division  of  the 
Miocenes,  the  Tortonien  of  Italian  geologists,  does  not  seem  to  occur 
in  the  department. 

Langhien. — Above  the  Aquitanien  beds  at  L6ognan,  some  sandy 
deposits  belonging  to  No.  6  contain  many  Echinoderms,  having  at 
the  base  a  zone  with  fish-teeth,  eta,  notably  Notidanua,  Lamna^ 
Oxyrhina  and  Carcharodon  megalodon.  In  the  valley  of  Saucats  the 
mollasse  of  Leognan  is  represented  at  Oiraudeau,  near  Moulin  de 
TEglise,  where  the  ferruginous-looking  falun  contains  a  very  rich 
fauna.  At  the  present  time,  however,  this  locality  is  rather  disap- 
pointing, no  section  is  to  be  seen,  nothing  but  a  planted  field  sur- 
rounded by  woods  meets  the  eye,  yet  the  ground  is  literally  covered 
with  fossil  mollusca,  amongst  which  I  brought  away  AnciHaria 
glandiformis  (very  characteristic  of  this  assise),  Praia  cathedralU, 
VobUa  rarispinaf  and  Pectuneulus  car. 

About  half-way  between  Giraudeau  and  the  St-Morillon  railway- 
station  one  leaves  the  main  road,  and  following  a  rough  cart-track  to 
the  southward  through  the  vines  for  about  200  yards,  comes  across  the 
fossiliferous  locality  of  Peloua.  Here  again  there  is  no  section,  but 
it  is  one  of  the  classical  localities  in  the  Bordeaux  Miocenes,  having 
yielded  about  400  species  of  fossils.  At  the  time  of  my  visit,  by 
good  fortune,  the  most  interesting  part  of  the  ploughed  field  was  not 
planted  with  vines ;  if  it  had  been,  we  should  not  have  obtained 
permission  to  visit  the  spot,  and  this  remark  applies  generally  to 
many  of  the  most  interesting  localities  in  the  Bordelais.  As  it  was, 
I  picked  up  a  large  number  of  corals  and  mollusca.  Amongst  the 
latter  were  Banella  tuherosa,  Tudicla  rusticula,  Stramhus  Bonelli, 
Mehngena  camutay  Poiamides  plica tiis  and  Pecten  hurdigalensis.  The 
horizon  of  the  Peloua  zone  is  believed  to  be  about  the  same  as  that 
at  Giraudeau.  M.  Fallot  pointed  out  to  me  the  fact  that  the  Peloua 
fauna  contains  almost  all  the  species  of  Poiamides  found  at  Lariey 
and  Moulin  de  TEglise  (bed  No.  4  of  "  les  couches  faluniennes"), 
to  which  places  J  have  already  referred,  and  it  possesses  other 
affinities  linking  it  closely  to  the  Oligocene,  at  the  same  time  the 
general  facies  is  decidedly  Miocene.  In  the  absence  of  sections,  it 
is  not  easy  to  say  what  are  the  precise  stratigraphical  relations 
between  the  Miocene  and  Oligocene  of  the  Bordelais,  but  the 
palaeontological  evidence  certainly  proves  that  the  passage  from  the 
one  to  the  other  is  very  gradual. 

Zone  No.  7  at  Leognan  is  divided  into  two  parts,  the  lower  being 
a  yellow  sand,  the  higher  a  blue  clay,  both  of  which  contain 
numerous  fossils.  These  beds  are  also  represented  in  the  valley  of 
Saucats,  the  former  at  Cassagne,  the  latter  at  Moulin  de  Lagus. 
The  last-mentioned  place,  very  close  to  the  village  of  Saucats,  like 

*  "  Esquisse,**  op.  eit.  p.  16. 
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most  of  the  "seotionB*'  in  the  district,  is  very  difficult  to  find,  unless 
under  guidance.  Leaving  the  village  and  following  the  course  of 
the  stream,  which  flows  through  the  hamlet,  we  presently  discover  the 
Lagus  section  in  the  river  banks,  and  in  order  to  do  any  work  it  is 
necessary  to  wade  in  the  deep  water,  and  dig  into  the  uneven  ledges 
made  by  previous  observers.  The  working  is  about  12  feet  in 
vertical  height,  being  entirely  composed  of  a  blue  sandy  clay.  This 
is  another  of  the  classical  sections  of  the  district,  having  furnished 
many  of  the  "  type  species  "  of  the  Bordeaux  Miocenes.  The  floor 
of  the  broadest  ledge,  containing  many  deep  pools  of  water,  is 
literally  covered  over  by  Turritella  terehraltB  in  the  finest  state  of 
preservation,  and,  altogether,  about  200  species  of  fossils  have  been 
found  here.  Amongst  those  1  brought  away  may  be  mentioned 
Terebra  Basteroti,  Dorsanum  venerisy  Ftuus  burdigatensis,  Tudicla 
ruBlicula,  Xenophora  (=  Fhorus)  Deshayesi,  and  Proio  cathedraltB. 
A  Pteropod,  Vaginella  depressa^  is  also  very  common. 

On  the  opposite  side  of  the  village  the  classical  section  in  zone 
No.  8  is  found.  This  cutting,  known  as  Pont-Porquey,  is  by  the 
side  of  the  river,  and  composed  of  about  ten  feet  (vertically)  of  light 
yellow  sand.  How  much  longer  this  section  will  be  open  1  cannot 
say,  the  digging  and  searching  for  fossils  along  the  best  zone  having 
caused  the  upper  beds  to  be  undermined,  part  overhanging  so 
much  as  to  be  very  dangerous  to  workers  beneath.  When  this  falls, 
almost  the  whole  section  will  be  obliterated.  The  best-preserved 
fossils  of  the  Oironde  Miocenes  come  from  this  opening,  the  species 
are  mostly  very  small,  but  many  still  retain  their  original  colour- 
markings,  and,  like  several  of  the  Vienna  mollusca  of  approximately 
the  same  period,  the  best-preserved  tints  are  orange-red  and  ver- 
milion. The  Potamides  especially  are  most  clearly  colour- marked. 
Some  common  species  are  Terebra  (Acus)  fuscata,  Terebra  plicaria, 
Cyllenina  baceaiat  Potamides  pictHS,  Donaz  transversa,  Lucina 
columbella,  and  Oliva  (Olivancillaria)  Basteroti, 

Other  localities  on  the  same  horizon  (No.  8)  are  Gieux  and  La 
Goquilli^re,  both  near  Saucats.  Fresh-water  beds  are  occasionally 
found  in  this  falun. 

At  two  or  three  other  plaoes  in  the  Gironde,  passage-beds  between 
the  Langhien  and  Helvetien  occur. 

EeMiien,  No.  9. — In  the  commune  of  Martignas  along  the  Jalle, 
a  greyish  yellow  mollasse,  remarkable  for  Echinoderms  (such  as 
Echinolampaa  hemisphoericus)  crops  out.  This  bed  has  been  well 
described  by  M.  Benoist,^  but  the  best-known  Helv6tien  bed  in  the 
Gironde  is  the  falun  of  Salles  on  the  banks  of  the  Leyre,  containing 
Murex  turonensia,  Voluta  Lamberti,  Cardita  Jouanneti,  Corbula  striata, 
Pectunculus  pilosus,  etc.  Other  parts  of  this  assise  are  seen  at  Sime 
and  Cazenave.  M.  Fallot  says  that  the  falun  of  Salles  contains 
many  species  found  in  the  Tortonien  of  Baden  (Austria). 

It   is   very  doubtful   whether  any  Pliocene  beds   occur   in   the 
Gironde.  Some  geologists  have  thought  that  the  ''Sable  des  Landes*' 
is,  in  part,  of  this  age;  but  this  view  is  not  now  generally  held. 
'  "  Actes  Soc.  Lin.  de  Bordeaux,*'  t.  xjudi.  pp.  97,  et  teq. 
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rhe  only  exception,  perhaps,  to  this  is  the  lignitio  deposit  at  Sonlao, 
irith  Elephaa  fnerulumali$,  whioh  seems  to  be  a  remnant  of  the 
Dpper  Pliooene  (Amusien). 

llie  "  Sable  des  Landes  "  predominates  everywhere  between  the 
Bironde  and  Garonne,  and  the  sea.  Its  exact  age,  as  we  have  seen, 
is  not  very  clear,  but  it  is  older  than  the  coast  alluvium  and  dunes 
of  the  department. 

The  beet  centre,  perhaps,  to  study  the  Bordelais  Miooenes  is  the 
village  of  Saacats.  Although  it  is  only  twelve  miles  from  Bordeaux, 
this  place  is  not  very  accessible,  and  to  go  to  it  and  return  to 
Bordeaux  every  day  wastes  much  time.  The  village  inn  might 
afford  worse  accommodation.  There  is  absolutely  nothing  to  see  in 
regard  to  sections  in  the  immediate  neighbourhood  of  Bordeaux 
itself,  nearly  all  the  classical  Miocene  sections  being  within  a  few 
miles  of  Saucata.       Another  good  centre  is  Bazas. 

In  oonclusioDy  I  must  express  my  hearty  thanks  to  Professor  Fallot 
for  his  kindness  and  assistance  rendered  during  my  visit  to  the 
Bordelais,  and  for  giving  me  permission  to  study  the  fossils  of  the 
Tertiary  basin  of  the  south-west  of  France  contained  in  the  splendid 
private  collection  of  the  Faculte  des  Sciences  under  his  charge. 


YII. — Note  on  an  Ooourbenoe  of  Willbmitb  in  a  Slao. 

By  W.  Matna&d  Hutchinos,  Esq. 

CRYSTALLIZED  silicate  of  zinc,  Willemite,  has  frequently  been 
observed,  artificially  formed,  in  metallurgical  operations,  but 
80  far  as  I  am  aware  no  case  has  been  recorded  of  its  crystallizing 
out  from  a  magma  of  slag  of  a  different  composition,  of  which  the 
zinc  silicate  formed  only  a  comparatively  small  proportion. 

Willemite  has  been  observed  in  crusts  of  silicate  formed  in  zinc- 
mnfflps  during  the  working  of  zinc-ores.  Stelzner  and  Sohulze 
describe^  crystals  formed  in  this  manner  in  cavities  in  the  retorts  in 
which  they  studied  the  formation  of  zinc-spinels.  I  have  myself 
observed  the  mineral  in  very  perfect  rhombohedral  crystals, 
occurring  in  cavities  of  firebrick  supports  of  retorts,  in  such  a 
manner  that  their  formation  was  evidently  due  to  zinc  vapour 
passing  through  the  material  of  the  retorts  and  oxidizing  in  contact 
with  the  siliceous  material  of  the  firebrick.  Ebelmen  formed  a 
crystallized  zinc  silicate  by  fusion  of  silica  and  zinc  oxide  in  boric 
acid,  but  this  product  does  not  appear  to  have  been  proved  to  be 
crystallograpbically  Willemite. 

The  occurrence  I  wish  to  record  is  in  a  slag  produced  in  large 
quantity  during  the  smelting  of  certain  lead-dross  containing  zinc 
oxide  in  a  small  blast-furnace.  The  resulting  slag  contains  12 — 15 
per  cent,  of  zinc  oxide,  the  remainder  consisting  almost  wholly  of 
a  basic  ferrous  silicate. 

In  cavities  in  the  large  sla^-balls,  after  solidification,  large 
numbers  of  slender  acicular  hexagonal  crystals  were  noticed.     They 

1  Jahrbuch  fiir  Min.  Geologie  und  Palaontologie,  1881, 1. 
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were  at  first  sapposed  to  be  apatite,  like  the  orystals  preTionsly 
observed  by  me  in  a  slag  of  somewhat  similar  natnre.^  Under 
the  microscope,  however,  they  proved  to  have  very  high  doable- 
refraction,  of  positive  character.  Chemical  examination  proved  them 
to  consist  of  silicate  of  zinc,  with  a  little  iron. 

These  crystals  are  as  much  as  half  an  inch  in  length  and  of  a 
thickness  up  to  ^V  inch.  The  majority  have  no  definite  terminal 
faces,  but  many  have  perfect  rhombohedral  end-forms.  They  are 
pale  yellow  in  colour,  and  distinctly  dichroic,  the  ordinary  ray 
being  the  more  strongly  absorbed.  Nearly  all  the  larger  (mea 
inclose  a  central  core  of  dark  amorphous  matter. 

Thin  sections  of  the  slag  itself  show  that  it  consists  mainly  of 
olivine  ^Fayalite),  principally  in  a  confusedly  crystalline  form,  but 
with  a  fair  proportion  of  definite  crystals.  There  is  comparatively 
little  residual  amorphous  base.  Crystals  of  Willemite,  of  the  same 
dimensions  as  those  seen  free  in  the  cavities,  lie  in  the  olivine  in 
all  directions,  and  have  been  the  first  to  form.  The  separation 
parallel  to  the  basal  plane  is  strongly  developed,  and  oross-sectioni 
show,  in  addition  to  irregular  cracks,  a  well-marked  cleavage  with 
intersections  of  120°. 

Both  Fayalite  and  Willemite  contain  a  large  amount  of  crystali 
of  magnetite.  This  latter  contains  a  good  deal  of  interorystiJlised 
zinc-spinel,  and  is  not  very  readily  attacked  by  acid.  It  may  be 
separated  out  by  decomposing  the  slag  with  acid,  evaporation, 
and  solution  of  residual  silica  in  caustic  alkali.  If  the  separated 
crystals  are  then  digested  for  some  time  in  strong  hydrochloric 
acid,  the  magnetite  proper  is  dissolved,  leaving  a  residue  of  green 
zinc-spinels,  mostly  as  hollow  shells,  and  fragments  of  octahedra, 
but  also  showing  some  few  perfect  crystals. 

The  slag  in  which  these  Willemite  crystals  occurred  was  produced 
uninterruptedly  during  about  10  days'  work  of  the  fumaoe,  and 
during  the  whole  of  this  time  the  crystals  could  be  seen  in  any  hall 
of  the  slag  which  was  examined.  It  may  be  interesting  to  note 
that  during  another  run  of  the  same  furnace,  producing  a  similar 
slag,  with  rather  more  than  less  zinc  oxide,  no  Willemite  was 
formed,  either  in  cavities  or  in  the  massive  slag.  All  oonditions 
were  the  same,  and  the  only  difference  in  composition  of  the  slag 
itself  was  that,  whereas  on  the  former  occasion  it  contained  about 
1^  per  cent  of  lead,  the  percentage  of  that  metal  had  risen  on  the 
latter  occasion  to  5.  Thin  sections  showed  that  there  was  here  very 
much  more  amorphous,  and  nearly  amorphous  base,  in  which  were 
large  numbers  of  beautiful  idiomorphio  crystals  of  Fayalite. 

Thus  it  would  appear  that  a  small  amount  of  lead  silicate,  itself 
glassy,  had  the  power  to  cause  much  of  the  slag  to  solidify  in  the 
glassy  condition,  and  to  prevent  entirely  the  crystallization  of  the 
zinc  silicate.  Observations  of  this  sort,  made  on  slags,  may  throw  a 
little  light  on  the  manner  in  which  the  structure  and  mineralogioal 
composition  of  rocks  may  be  greatly  modified  by  apparently  un- 
important amounts  of  some  one  conBtituent 

1  "  JNature,"  Sept.  I6th,  1887. 
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In  this  connectioii  I  may  perhaps  be  allowed  to  refer  again  to  the 
iccarrenoe  of  apatite  in  slag,  alluded  to  above.  This  still  remains 
he  only  recorded  oase  in  whioh  that  mineral  has  been  observed  to 
orystallize  from  an  artificial  silicate  magma,  analogous  to  its  ooour- 
«nce  in  emptive  rocks.  After  first  noticing  it  I  had  opportunity 
)f  seeing  the  slag  in  question  formed  almost  continuously  for  many 
nontbs.  It  would  frequently  happen  that  for  days  at  a  time  no 
nrystals  of  apatite  could  be  seen  in  the  cavities,  and  then  again  they 
ronld  reappear  in  great  quantity.  Although  much  attention  was 
jriven  to  the  subject,  nothing  could  be  observed  to  account  for  either 
lisappearanoe  or  reappearance,  no  change  taking  place  in  composition 
)f  the  slag,  or  in  conditions  of  formation  and  cooling. 

Attempts  were  made  by  Dr.  Cohen,  of  Owens  College,  to  obtain 
ipatite  in  small  fusions  in  the  laboratory.  Pieces  of  the  slag  rich 
in  apatite  were  melted  in  crucibles;  similar  fusions  were  made  of 
mixtures  of  the  constituents  of  the  slag  in  the  proportions  shown 
by  analysis,  and  both  were  subjected  to  a  prolonged  '*reouit,"  as 
In  the  experiments  of  Fouque  and  Levy,  but  no  apatite  was  ever 
formed. 

The  crystals  of  Fayalite  formed  in  slags  so  very  rich  in  iron 
show  very  strongly  developed  cleavages.  Rosenbusoh  alludes  to 
the  fact  that  the  cleavages  are  more  distinct  in  olivine  containing 
much  iron,  and  this  observation  is  fully  borne  out  in  thin  sections 
such  as  those  above  alluded  to. 
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I. — On  the  Manufaotubb  op  Serpentine  in  Nature's  Workshop. 
By  Major-General  C.  A.  MoMahon,  F.G.S.* 

THE  rocks  from  which  serpentine  is  mainly  derived  by  an 
aqueous  process  are  called  peridotites  though  there  are  several 
varieties  which  receive  distinctive  names.  They  are  all  characterized 
by  the  predominance  of  the  mineral  peridote  or  olivine.  Some 
meteorites  exhibit  a  marked  affinity  with  peridotites,  containing, 
like  the  latter,  olivine, .  rhombic  and  monocliiiic  pyroxene,  and 
occasionally  some  basic  felspar.  Peridotites  are  not  commonly 
found  on  the  earth's  surface,  one  reason  being  that  olivine  is 
an  unstable  mineral  that  readily  absorbs  water  and  passes  into 
Berpentine. 

Ueneral  McMahon  detailed  the  various  ways  by  which  water 
finds  its  way  into  minerals;  namely,  by  cracks;  by  planes  of 
cleavage  and  of  "chemical  weakness";  and  by  capillary  flow 
through  the  interspaces  between  molecules.  In  connection  with  the 
latter  brancb  of  the  subject  he  gave  a  sketch  of  the  kinetic  theory 
AS  applied  to  solids,  and  of  Boscovich's  theory  which  helped  to 
elucidate  the  kinetic  hypothesis;  and  he  stated  that  whether  we 
ft<xiept  these  theories  or  not,  we  must  give  up  the  idea  that  the 

'  Abstract  of  a  Discourse  delivered  before  a  Meeting  of  the  "Western  Microscopic 
Club,  London,  on  the  4th  November,  1889. 
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moleouleB  of  which  orystalline  bodies  are  oomposed  are  oompacted 
tightly  together,  like  the  cells  of  a  honeycomb,  without  interspaces 
between  them ;  and  he  referred  to  some  experiments  by  Professor 
Heddle  on  the  absorption  of  water  by  granites  and  greenstones,  and 
to  his  own  observations  on  the  practical  porosity  of  some  basic 
igneous  rocks.  Allusion  was  also  made  to  the  fact  that  the  applica- 
lion  of  the  undulatory  theory  to  the  optical  phenomena  exhibited  by 
transparent  bodies  involved  the  assumption  of  molecular  interspsces. 

General  McMahon  then  alluded  to  the  law  that  governs  capillary 
flow,  and  mentioned  that  pressure  gauges  set  up  in  the  Severn 
tunnel  190  feet  from  the  surface,  showed  that  the  actual  pressure 
of  the  water  in  the  rocks  at  the  tunnel  exactly  corresponded  to  the 
calculated  pressure,  being  about  801bs.  per  square  inch ;  a  fact  that 
proved  that  the  water  permeating  the  rocks  acted  in  one  nnbroken 
head.  He  then  alluded  to  the  experiments  of  PoiseuUe,  who  had 
shown  that  capillary  flow  was  increased  by  heat;  water  at  46° 
Centigrade  flowing  through  capillaries  three  times  faster  than  water 
at  zero  Centigrade. 

The  capacity  of  water  to  hold  carbon  dioxide  and  oxygen  in 
solution  was  next  alluded  to.  Water  at  60^  is  capable  of  tiJcing  np 
rather  more  than  its  own  volume  of  carbon  dioxide,  and  meteoric 
water  contains  two  cubic  inches  of  oxygen  and  one  cubic  inch  of 
carbon  dioxide  per  gallon.  As  rain-water  passes  downwards  into 
the  earth  the  percentage  of  oxygen  is  reduced  and  that  of  carbon 
dioxide  increased.  He  explained  how  this  fact,  as  pointed  out  by 
Prof.  Heddle  in  a  paper  read  before  the  Royal  Society,  Edinburgh, 
accounted  for  the  ferrous  oxide  in  olivine  being  removed  as  carbon- 
ate, when  rocks  were  acted  on  at  some  depth,  but  converted  into 
magnetite,  or  ferric  oxide,  when  subjected  to  aqueous  agencies  nearer, 
the  surface. 

Carbonated  water  is  capable  of  decomposing  the  silicate  of 
magnesia,  and  of  carrying  ofif  some  of  the  magnesia  in  the  form 
of  carbonate,  as  proved  experimentally  by  Bischof.  Profs.  W.  £. 
and  B.  £.  Bogers  further  showed  that  digestion  in  simple  water  for 
three  days  was  suflScient  to  remove  an  appreciable  amount  of 
magnesia  from  such  minerals  as  hornblende.  General  McMahon 
stated  that  he  obtained  a  similar  result  by  the  digestion  of  powdered 
olivine  in  distilled  water  heated  to  about  100°  F. 

The  formula  for  olivine  is  2MgO.  2FeO,  SiO„  and  it  was 
explained  in  detail  how  the  removal  of  the  ferrous  oxide,  a  portion  of 
the  magnesium  silicate,  and  the  absorption  of  water  converted  olivine 
into  serpentine.     The  formula  for  the  latter  is  3MgO,  2SiO|,  2H|0. 

Taking  enstatite  and  malacolite  as  types  of  the  rhombic  and 
monoclinic  pyroxenes,  and  tremolite  as  that  of  the  amphiboles,  be 
explained  how  the  lime  was  removed  and  the  percentage  of 
magnesia  was  increased.  Whilst  olivine,  the  predominant  mineral, 
was  parting  with  some  of  its  magnesia,  the  silica  set  free  in  the 
pyroxene  by  the  decomposition  of  the  silicate  of  lime  combined  with 
this  surplus  magnesia  on  its  exit  from  the  olivine  and  a  gradual 
conversion  of  pyroxene  into  serpentine  was  the  result. 
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— ^The  "Manure"  Gbayels  of  Wexpobd.*    By  Alfbed  Bell. 

INCE  the  last  report  the  explorations  carried  out  in  the  area  of 
I  the  graveJs,  in  Ballybrack,  Balscaddin,  and  Balbriggan  Bays,  in 
.me  Lough  and  the  vicinity,  and  Portnuh,  have  much  augmented 
)  material  previously  accumulated. 

The  exigencies  of  building  and  road-making  have  practically 
[iterated  the  most  prolific  portion  of  the  drifts  in  Bally  brack  (or 
lliney)  Bay  and  the  deposit  at  Portrush,  the  only  traces  of  the 
all-bed  at  the  latter  place  occurring  between  the  rocky  masses  on 
3  shore  above  high-water  mark.  Fortunately,  previous  to  these 
erations  a  quantity  of  material  was  obtained  by  the  reporter,  and 
list  of  about  120  species  will  be  given  in  the  sequel,  wherein  a  brief 
tioe  of  the  principal  deposits  will  be  found,  with  lists  of  fossils 
tained  by  the  writer  and  previous  observers.  The  line  of  research 
which  an  examination  of  the  fossils  has  led  is  to  the  effect 
)  that  the  so-called  Lower,  Middle,  and  Upper  drifts  in  Ballybrack 
ty  have  no  connection  whatever  with  the  equally  so-named  deposits 
the  English  and  Welsh  areas,  but  are  a  continuation  northward  of 
e  Cotentin — St.  Erth-Wexford  sea-bed  referred  to  in  the  second 
port,  1888,  further  traces  of  this  extension  obtaining  in  the  glacial 
ays  of  the  Isle  of  Mem,  Nassa  reticosa,  among  other  Pliocene 
ollusca,  occurring  in  the  northern  portion  of  the  island. 
Coeval  with  the  Pliocene  fauna  of  Wexford,  Ballybrack,  and  the 
lie  of  Man  are  numerous  species  of  northern  origin,  and  examination 
r  these  suggests  a  Scandinavian  rather  than  an  American  or  Green- 
indic  origin — a  suggestion  intensified  by  the  presence  of  a  true 
candinavian  fauna  in  several  parts  of  the  Scottish  lowlands  from  the 
iyde  to  the  Forth  and  the  eastern  side  of  Scotland ;  and  it  is  not 
erhaps  too  improbable  to  suppose  that  the  Pliocene  shells  obtained 
y  Mr.  T.  F.  Jamieson  in  Aberdeenshire  came  by  this  route  rather 
\aji  from  the  Suffolk  crag-beds.  From  the  absence  of  the  Pliocene 
iuna  northward  of  the  before-quoted  localities  on  the  Irish  coast  and 
lianxland,  the  writer  is  of  opinion  that  the  Irish  Channel  was  closed 
then  the  strata  at  these  places  were  being  accumulated,  and 

(2)  That  the  Severn  drifts  from  Worcester  northwards  into  Lanca- 
ibire  are  of  much  later  date,  not  originating  till  the  south  of  Ireland 
^M  separated  from  the  continent.  And  lastly,  that  the  faunas 
obtained  both  in  England  and  Ireland,  near  Dublin  and  Wicklow,  at 
elevations  of  1000  feet  and  more,  are  "remanie"  and  not  in  their 
original  habitat. 

An  examination  of  the  gravelly  and  shelly  sand  dredged  from  the 
Turbot  bank  in  the  Irish  Sea  has  long  convinced  the  writer  that  the 
accumulation  is  in  the  main  of  post-glacial  age,  intermixed  with  a 
few  recent  forms,  easily  distinguished  from  the  older  species  by  their 
appearance.  The  material  is  very  rich  in  other  groups  than  the 
wolluscan,  catalogued  already  by  Mr.  Hyndman.  Of  all  these  he 
purposes  giving  a  list. 

'  Third  Report   read   in   Section  C,  Geolo^',   at  the  Meeting  of  the  British 
Association,  Newcastle-upon-Tyne,  1889. 
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It  may  be  well  to  say  that  the  matter  first  examined  was  sent  to  the 
writer  some  years  back  by  Mr.  E.  Waller,  who  worked  with  Mr. 
Hyndman  on  the  mollusca ;  and,  secondly,  from  a  quantity  of  Mr. 
Hyndman's  own  washings,  placed  at  his  disposal  by  Mr.  S.  A. 
Stewart,  of  Belfast 
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I.— Kepobt  on  the  Geology  of  the  Raint  Lake  Rboiok.  By 
Andrew  C.  Lawson,  M.A.,  Ph.D.  Annual  Report  of  the 
Gkologioal  and  Natural  History  Survey  of  Canada  fob 
1887.     Part  F. 

THE  progress  of  knowledge  with  reference  to  the  foliated  crystalline 
rocks  has  been  very  rapid  of  late  years,  and  accompanied  by 
incidents  that  may  almost  be  described  as  sensational.  One  suc^ 
incident  was  the  announcement  by  Mr.  Lawson  at  the  meeting  of 
the  International  Geological  Congress,  held  in  London,  that  the 
Laurentian  rocks  in  the  neighbourhood  of  Rainy  Lake  were  in- 
trusive into  a  series  consisting  of  schists,  diabases,  felsites,  a^lome- 
rates,  and  grey  wackes. 

Up  to  the  time  of  the  announcement  of  Mr.  Lawson's  disooveriei 
it  had  been  supposed  that  the  Laurentian  rocks  were  always  older 
than  the  rocks  in  contact  with  them,  and  the  hunters  atler  that 
geological  Will  o'  th'  wisp,  the  primitive  crust  of  the  earth,  were 
beginning  to  feel  tolerably  satisfied  that  they  had  at  last  oaoght  the 
object  which  had  hitherto  eluded  their  grasp.  It  was  seen  at 
once  that  Mr.  Lawsou's  discoveries  reopened  the  whole  Laurentian 
question,  and  made  it  possible  if  not  probable  that  the  so-called 
Laurentian  system  was  a  complex,  and  that  the  most  oharacteristio 
rocks  of  the  system — the  gneisses — were  plutonic  igneous  rocks, 
actually  of  later  date  than  rocks  which  have  been  formed  by  such 
agencies  as  are  now  in  operation  at  the  surface  of  the  earth. 

We  have  in  the  Memoir  before  us  the  details  of  Mr.  Lawson'a 
work,  illustrated  by  an  admirable  map  of  the  Hainy  Lake  region, 
and  by  photographs  of  actual  junctions.  A  study  of  this  Memoir  will 
leave  no  doubt  in  the  mind  of  any  geologist  that  Mr.  Lawson  has 
fully  established  his  main  point,  which  is  this — that  over  an  area  of 
several  thousand  square  miles  the  gneisses  hitherto^  regarded  as 
Laurentian  have  consolidated  as  such  from  a  plastic  magma  long 
after  the  formation  of  the  rocks  which  encircle  them.  As  this  point 
is  one  of  great  importance  we  will  give  a  somewhat  detailed  aoooont 
of  Mr.  Lawson's  work. 

The  rocks  into  which  the  Laurentian  is  intrusive  are  divided  by 
the  author  into  two  series — the  Coutchiching  and  the  Eeewatin. 
The  earlier  or  Coutchiching  series  consists  mainly  of  mica-sohuBts 
and  granulitio  gneisses.  The  dominant  constituents  of  the  mioa- 
•ohists  are  granulitio  quartz  and  biotite.     The  gneisses  differ  from 

IL  1  The  term  Laurentian  is  still  retained  for  these  rocks  in  this  Memoir. 
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16  mica-schists  principally  in  containing  felspar.  The  structure  of 
oth  rooks  is  the  same.  The  original  rocks  are  supposed  by  the 
Qthor  to  have  been  of  sedimentary  origin. 

The  Keewatin  series  is  much  more  variable  in  character.  It 
icludes  diabases,  hornblende-schists,  soft  fissile  green  schists, 
>nglomerates,  sericite  schists,  felsitic  schists  (altered  quartz - 
jrphyries)  greywackes  and  volcanic  tuffs. 

The  "bedded  traps  or  greenstones"  give  the  character  to  this 
tries.  They  have  suffered  more  or  less  alteration  (a)  by  meta- 
tmatic  processes,  (6)  by  dynamic  action.  Those  which  have  been 
footed  by  the  first  set  of  processes  only  pi*eserve  the  original 
moture  so  as  to  leave  no  doubt  as  to  the  original  characters  of  the 
Ksks.  Some  have  the  ophitic  structure  of  diabases,  others  the 
ranular  structure  of  gabbros.  Those  which  have  suffered  dynamic 
etamorphism  have  lost  their  original  structure  to  a  greater  or  less 
ctent,  and  taken  on  that  of  a  schistose  or  foliated  rock.  The 
institnents  of  these  more  or  less  altered  basic  igneous  rocks  are 
Ispar,  pyroxene,  fibrous  and  compact  hornblende,  titaniferous 
on  ore,  apatite,  leucoxene,  zoisite,  epidote,  chlorite,  calcite,  and 
lartz.  The  rocks  are  described  by  the  author  under  such  names 
I  uralitic  and  saussuritic  gabbro,  uralitio  diabase  and  porphyritio 
abase.  It  is  evident  from  the  detailed  descriptions  with  which  the 
[emoir  abounds  that  the  rocks  are  similar  to  varieties  of  greenstone 
Kurring  in  the  West  of  England. 

The  hornblende-schists  are  regarded  by  the  author  as  being  in 
irt  altered  massive  rocks,  and  in  part  altered  pyroolastic  rocks  of 
isic  composition.  The  felspathio  varieties  approach  diorites  in 
;nicture  and  composition.  Dynamic  action  has  certainly  deter- 
kined  the  structure  of  these  rocks,  but  it  has  operated  before  the 
oal  stages  of  recrystallization  were  complete,  for  the  individual 
mstituents  do  not  show  any  of  those  effects  of  pressure  which  are 
}  common  in  the  schistose  diabases. 

The  soft  green  fissile  schists  are  usually  bedded  and  are  probably 
letamorphosed  pyroolastic  rocks. 

llie  matrix  of  the  conglomerates  is  a  dark  green  chloritic  or 
omblendic  schist.  The  pebbles  are  often  well-rounded  and  reach 
8  much  as  a  foot  in  diameter.  They  consiRt  of  sacoharoidal  quartz, 
ehite,  quartz-porphyry  and  granite.  It  will  be  noted  that  pebbles 
'f  Laurentian  gneiss  are  conspicuous  by  their  absence. 

The  sencitic  and  felsitic  schists  are  merely  altered  quartz- 
K)rphyries.  They  are  associated  with  acid  volcanic  tuffs  and 
agglomerates. 

In  addition  to  the  volcanic  rocks  which  form  the  bulk  of  the 
series  there  are  grits  or  greywackes,  which  consist,  for  the  most 
)art,  of  ordinary  sedimentary  material. 

Owing  to  the  enormous  jamming  together  which  the  rocks  have 
indergone  it  is  not  possible  to  estimate  the  thickness  of  the  Keewatin 
•eries.  It  must,  however,  have  amounted  to  many  thousands  of  feet. 
I^heir  general  disposition  is  that  of  a  sharply  folded  trough,  sinking 
JowQ  into  the  gneiss  which  flanks  it  on  either  side.     The  horn- 
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blende-sohists  and  diabases  form  the  lower,  and  the  felsites  and 
felsitio  schists  the  npper  portions  of  the  series,  aocording  to  the 
author. 

Now  the  Laurentian  rocks  of  the  district  under  oonsideration 
occur  in  ''  central  circular  or  oval  areas."  Each  area  is  isolated  at 
the  surface  from  its  neighbours  by  a  belt  of  Eeewatin  or  Gooto- 
hiohing  rocks.  In  most  cases  the  breadth  of  this  belt  is  very  small 
in  comparison  with  the  diameter  of  the  Laurentian  areas.  The 
author  has  traced  out  the  boundaries  of  three  of  these  areas,  which 
he  names  the  Obabicon,  the  Sabaskong,  and  the  Stanjikoming  areas 
respectively.  Ue  has  also  partially  mapped  out  two  other  large 
areas  which  lie  to  the  N.  and  N.E.  of  the  Stanjikoming  area.  To 
give  some  idea  of  the  scale  on  which  the  phenomena  are  developed, 
we  may  mention  that  tlie  Stanjikoming  area  measures  thirty»two 
miles  from  N.  to  S.  and  forty -six  from  E.  to  W.  It  is  separated 
from  the  Sabaskong  area  on  the  N.W.  by  a  belt  of  Eeewatin  rocks 
about  three  miles  in  width,  and  from  the  Lake  Harris  area  on  the 
N.  by  a  belt  of  the  same  rocks  about  4^  miles  in  width. 

The  contact  of  the  two  groups  of  rocks  is  well  exposed  at  many 
points,  especially  on  the  shores  of  the  numerous  lakes.  It  is 
everywhere  the  same,  and  leaves  no  doubt  as  to  the  relative  ages  of 
the  rocks.  The  gneisses  are  intrusive.  They  send  out  apophyses 
into  the  adjacent  rocks,  and  contain  included  fragments,  often  in 
immense  numbers.  The  apophyses  are  sometimes  in  the  form  of 
sheets  running  parallel  to  the  schistosity  or  bedding  of  the  sur- 
rounding rocks ;  sometimes  in  the  form  of  veins  or  dykes  cutting 
across  the  bedding.  The  rocks  in  contact  with  the  Laurentian  are 
not  always  the  same ;  sometimes  they  are  the  hornblende-sdiists 
which  form  the  basal  members  of  the  Eeewatin  series ;  sometimes 
the  felsitio  rocks  which  constitute  the  higher  members  of  the 
same  series,  and  sometimes  the  biotite-schists  of  the  Goutchiching 
series. 

The  Laurentian  rocks  are  divided  by  the  author  into  two  principal 
groups  depending  on  the  amount  of  quartz  which  they  contain,  and 
termed  respectively  syenitic  and  granitic  gneisses.  Thus  we  have 
hornblende-syenite  gneiss,  biotite-syenite  gneiss,  hornblende-granite 
gneiss,  and  quartzose  biotite  gneiss,  llie  constituents  are  ortlio- 
clase,  microcline,  plagioclase,  quartz,  biotite,  pyroxene,  hornblende, 
sphene,  epidote,  zircon,  magnetite.  The  hornblende  frequently 
contains  cores  of  pyroxene,  and  the  author  is  inclined  to  regard  the 
whole  of  it  as  paramorphic  after  pyroxene.  The  general  micro- 
scopic structure  is  granitic,  and  cruHh  phenomena  are  as  a  rule 
entirely  absent.  Foliation  is  generally  well  marked,  but  massive 
areas  may  sometimes  be  observed.  The  different  varieties  shade 
into  each  other. 

In  the  Stanjikoming  area  the  syenitic  gneisses  occur  on  the 
borders ;   the  quartzose  biotite-gneisses  in  the  central  area. 

One  striking  feature  which  is  brought  out  by  an  extended  survey 
of  the  Laurentian  areas  is  the  concentric  character  of  the  foliation. 
At  the   margins    the  strike    of    the    foliation  is   parallel  to  the 
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jnDotion  ;   in  the  interior  it  is  oonoentrio  with  reference  to  one  or 
more  oentree. 

The  author  has  paid  special  attention  to  the  phenomena  of  the 
inclusions.  Theee  inclusions  are  found,  not  only  near  the  margins 
of  the  Laurentian  areas,  hut  also  in  the  central  portions.  They  vary 
in  size  from  that  of  one's  fist  to  that  of  a  house  and  even  larger. 
Near  the  junction  a  definite  connection  between  the  inclusions  and 
the  surrounding  rooks  may  be  traced.  Thus,  at  the  contact  with 
homblende-eohist.  the  inclusions  consist  of  bomblende-schist,  and 
at  the  contact  with  the  Coutchiching  series  they  consist  of  rocks 
derived  from  that  series. 

llie  inclusions  are  sometimes  angular  and  sharply  separated  from 
the  gneiss,  at  other  times  they  are  lenticular  and  blend  more  or  less 
gradually  with  the  surrounding  rock.  The  elongated  inclusions  are 
arranged  with  their  longer  axes  parallel  to  the  general  foliation.  All 
the  facts  go  to  show  that  the  parallel  arrangement  of  the  inclusions 
and  the  foliation  of  the  gneiss  are  fluxion  phenomena.  Certain 
banded  gneisses  are  regarded  by  the  author  as  due  to  a  stretching  of 
an  intimate  mixture  of  inclusions  with  the  gneissic  magma.  The 
memoir  is  illustrated  by  photographs  of  portiofis  of  the  gneiss  which 
are  rich  in  inclusions,  and  one  of  thene  (plate  vi.)  bears  a  most 
striking  resemblance  to  Fig.  2,  Plate  XIV.*  Gkol.  Mag.  Dec.  HI. 
Vol  IV.  1887. 

In  addition  to  the  points  above  referred  to,  the  Memoir  contains 
much  interesting  matter.  Thus  it  treats  of  the  relation  between 
topography  and  geological  structure,  the  petrographical  characters  of 
numerous  intrusive  granitef),  the  distribution  and  character  of  certain 
later  basic  dykes,  and  the  glacial  phenomena  of  the  district. 

As  regards  the  origin  of  the  Laurentian  rocks  the  author  pro- 
pounds the  theory  that  they  represent  the  fused  floor  on  which  the 
Coutchiching  and  Keewatin  rocks  were  deposited,  and  to  a  certain 
extent  also  of  fused  portions  of  these  rocks.  He  insists,  however, 
BtFongly  on  the  point  that  whatever  may  have  been  the  origin  of 
the  magma,  the  minerals  of  which  the  Laurentian  rocks  are  com- 
posed, and  the  structures  which  these  rocks  posness,  owe  their 
origin  to  causes  operating  after  the  formation  and  folding  of  the 
rocks  with  which  they  are  in  contact. 

In  speaking  of  the  topography  of  the  Laurentian  areas  he  says 
"it  is  remarkably  fiat  and  devoid  of  prominent  elevations,  although 
the  surface  in  detail  is  extremely  uneven  and  humniocky  or  mam- 
uiillated.  It  presents  for  the  most  part  the  glaciated  surface  of  the 
Tocks  either  quite  bare  or  covered  only  by  forests  and  forest  loam. 
The  plateau  abounds  in  lakes,  which  lie  in  rocky  basins."  This 
description  will  be  thoroughly  appreciated  by  all  those  who  are 
acquainted  with  the  Archaean  topography  of  the  N.W.  of  Scotland. 

J.  J.  H.  T. 

'  This  plate    illustrates  a  paper  by  the  reviewer  *'  On  the  Origin  of  Certain 
Banded  Gneitfes.*' 
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II. — EunOB     BnfEBKUNOBM    UIBBB    DIB    JuEA-AbLAGBBUHOBB    DIB 

Himalaya    umd    Mittblasikns.       Von    8.    Nikitin.      Nbuis 
Jahrbuoh  FiiB  MiNEKALooiB,  ota,  1889,  Bd.  11.  pp.  116-145. 
Bbmabks  on  the  Jubassio  Stbata  of  thb  Himalaya  and  Middle- 
Asia.     By  Prof.  Nikitin  of  St  Petersburg. 

THE  principal  development  of  Jurassic  beds  in  the  Himalaya  is  on 
the  north-eastern  slopes  of  the  southern  crystalline  chain  in  the 
neighbourhood  of  Spiti  and  Niti,  where,  resting  on  strata  referred  to 
the  Rhsstio  and  Lias,  are  the  well-marked  dark  crumbling  sbales 
known  as  the  *' Spiti  shales."     These  shales  are  filled  with  phos- 
phatio  concretions,  which  have  yielded  a  rich  fauna,  principally  of 
Ammonites,  which  have  been  studied  and  described  by  Oppel,  H.  F. 
Blanford,  Stoliczka,  Waagen,  and  Neumayr.    Very  different  opinions 
have  been  expressed   by  these  authors  as  to  the  relations  of  the 
Ammonites  to  those  in  the  Jurassic  rocks  of  Europe  and  of  Outcli, 
and  consequently  as  to  the  relative  geological  horizon  of  the  rooks 
themselves ;  but  they  have  been  generally  reckoned  as  of  the  age  of 
the  Kelloway  and  Oxford  Clays,  and  supposed,  more  particularly  by 
Neumayr,  to  be  related  to  those  of  the  Russian  and  Polar  Jura.    Prof. 
Nikitin  has  lately  studied  the  two  most  important  collections  from  the 
Himalaya  ;  that  of  Schlagintweit  at  Munich,  and  of  Strachey,  in  tbe 
British  Museum,  and  in  this  paper  he  discusses  the  characters  of  tbe 
Ammonites  and  other  fossils,  and  gives  reasons  for  regarding  them  as 
belonging  to  a  younger  horizon  than  hitherto  supposed.     The  follow- 
ing are  the  conclusions  to  which  he  has  arrived  :  (1)  The  fauna  of  the 
Spiti  shales  stand  nearest  to  that  of  the  Tithon  and  Kimmeridge 
of  Western  Europe.     Most  of  the  Ammonites  which  up  to  now  have 
been   considered   as    Kelloway  and    older  forms  represent   much 
younger  types.     (3)  The  differences  between  the  fauna  of  Spiti  and 
that  of  Cutch  may  be  easily  explained  on  the  supposition  that  the 
fossil-bearing  beds  in  the  two  regions  do  not  represent  synchronic 
horizons.     (4)  The  Himalayan  Jura  shows  a  far  more  significant 
relationship  to  the  Tithon  of  Southern  Europe  than  to  any  Russian 
Mesozoic  formation.      (5)  The  fauna  of  the  Russian  Jura  on  the 
other  hand  is  more  intimately  united  to  that  of  Cutch  than  to  that  of 
the  Himalayan  Jura.     (6)  The  assumed  geological  and  geographical 
connection   of  the  Himalayan  and  Indian  Jura  with  the  Russian 
Jurassic  ocean,  through  the  suppoRcd  Tarim  basin,  the  Altai  region, 
and  the  great  polar  ocean,  is  as  yet  by  no  means  proved.     On  the 
other  hand,  there  are  many  indications  in  favour  of  the  connection 
having  taken  place  through  the  Amour  region,  Bokhara,   Afghan 
Turkestan,  Khorasan,  and  the  Aral-Caspian  depression. 

m. — Fossil  Fishes  fbom  thb  Devonian  or  Belotijm. 
"Reoherghbs  sub  les  Poissons  DBS  Tkbbains  Pal^ozoiquks  db 
Bblgiqub."   By  Maximin  Lohbst.     Ann.  Soc.  geol.  Belg.,  vol.  xv. 
(1888),  M6moire8.  pp.  112-196.  pis.  ii.-xi. 

THE  remains  of  fishes  discovered  in  the  Devonian  formation  of 
Belgium  are  all  of  a  very  fragmentary  character,  consisting 
chiefly  of  detached  teeth,  portions  of  bones,  and  isolated  scales; 


Reviews — M.  Lohest — Devonian  Fishes  of  Belgium.        41 

but  tlieir  determination  is  interesting  on  aooount  of  their  intimate 
association  with  truly  marine  fossils.  Until  the  appearance  of  the 
present  work  only  four  specimens  had  been  critically  examined  and 
described  (Holoptyehius  OmaUust,  Paladaphus  insignis,  Faladaphua 
devoniensia  and  Byssneanthus  OosaeJeti)  ;  and  palseichthyologists  are 
indebted  to  M.  Lobest  for  the  care  and  perseverance  with  which 
he  has  collected,  examined,  compared,  and  described  all  available 
materiaL 

A  brief  introduction  summarizing  the  present  state  of  knowledge 
of  the  Belgian  Devonian  fish-fauna  is  followed  by  the  systematic 
and  descriptive  part,  which  occupies  fifty  pages,  and  is  illustrated  by 
eleven  plates.     Eight  genera  and  fourteen  species  are  determined, 
and  most  of  the   descriptions  are  accompanied  with  good  figures 
drawn  by  the  author.     Two  forms  of  teeth  from  Strud  are  assigned 
to  Dendrodus,  the  one  believed  to  be  identical  with  certain  gently 
curved  teeth  commonly  associated  with  D.  sigmoides  and  now  named 
D.  Traquatri,  the  other  regarded  as  hitherto  unknown  and  named 
D,  Briarti,     Lamnodus  is  accepted  as  a  sub-genus  of  Dendrodua,  and 
an  imperfect  tooth  from  the  Upper  Famennian  of  Li^ge  is  described 
as  L.  minor,  sp.  no  v. ;  the  genus  Cricodua  receives  a  doubtful  portion 
of  dentary,  named  Cricodua  ?  Agaaaizi,  sp.  no  v. ;   and  tlien  follows 
a  long  section  upon   Holoptychiua  and  its  Belgian  representatives. 
M.  Lohest  has  studied  the  fine  specimens  in   the  British  Museum, 
besides  others  at  Edinburgh,  and  treats  of  the  squamafion,  especially, 
in  considerable  detail.    As  the  result  of  his  researches,  he  recognizes 
great  variation    in    the   scales  of  different  parts  of  the  body,  but 
considers  that  detached  examples  are  usually  specifically  determin- 
able when  their  outline  is  distinct;    for  the  scales  of  corresponding 
parts  in  the  various  species  are  almost  identical  in  shape  and  pro- 
portions, only  differing  in   thickness  and  the  arrangement  of  the 
external  ornamentation.      Some    isolated    bones  of   the  genus   are 
first  noticed,  and  then  follows  a  section  upon  the  supposed  teeth  of 
Holoptfjchiua,  which  appear  to  be  identical  with  so-called  Lnmnodua 
previously    described.     The   typical  IT.  nobilisatmna  is  regarded  as 
not  certainly  met  with  in  Belgium,  and  the  author  considers  that 
both  Agassiz  and  the  British  Museum   include  under   this   species 
some  scales  of  forms  that  are    truly  distinct.     To  us,  however,  it 
appears  that  the  scales  now  named  II,  Dewalqnei  can  be  so  closely 
paralleled   by   examples  found   in  close  association  with  the  true 
H,  nohiliaaimna  of  Clashbennie   that   there   is  no  justification  for 
their  specific  separation.     Several  fine  specimens  of  these  scales  are 
figured  ;  and  an  equally  good  series  of  very  thin  scales,  exhibiting 
a  nearly  similar  ornament,  is  described  and  figured  as  H.  inflexua, 
8p.  nov.     Other  scales  are  identified  with  the  well-known   Scottish 
species,    H.    giganteua   and    IT,    FJemingi,       A   brief  discussion    of 
(jljiptolepia  results  in  the  conclusion  that  its  scales  only  differ  from 
those  of  Holoptychiua  in  their  comparative  tenuity  ;  and  some  small 
specimens   from   Strud  are  assigned  to   G.  Benedeniy  sp.  nov.,  and 
6.  radiana,  sp.  nov. 
After  the  description  of  the  "  Cyclodipterines,"  the  arrangement 
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of  the  teeth  in  the  mandible  of  the  several  genera  is  disoasaed,  and 
it  is  ooncluded  that  here  may  be  found  diagnostic  generic  oharaeters. 
We  venture,  however,  to  think  that  the  differences  in  the  illnstrativd 
diagrams  are  dae  merely  to  their  being  based  upon  imperfeot 
evidence;  and,  so  far  as  dental  arrangement  is  concerned,  there 
seems  to  be  no  essential  difference  between  the  several  genera  under 
comparison.  When  the  large  teeth  are  undergoing  replacement,  the 
new  one  is  always  for  a  time  placed  by  the  side  of  the  old  one  as 
indicated  in  the  diagram  of  '*  Lamnodus  " ;  while  it  seems  most  prob- 
able (as  first  suggested  by  Traquair)  that  '*  Bothriolepia  favosus  "  is 
truly  referable  to  Oricodas,  thus  disproving  the  diagram  assigned  to 
the  mandible  of  that  genus. 

A  few  ornamented  small  rhoraboidal  scales,  from  Strud  and  Modave, 
M.  Lohest  ascribes  to  the  Glyptolamtia  Kinnatrdi  of  Dura  Den  :  and 
several  typical,  though  imperfect,  scales  of  FhyUolepis  are  named 
P,  undulatus,  sp.  nov.,  and  P.  Cometi,  sp.  nov.  Other  scales,  very 
suggestive  of  Phyllolepta,  are  also  described,  and  on  account  of  their 
pentagonal  outline  are  believed  to  indicate  a  distinct  new  genus, 
PeniagonolepiB,  of  which  the  type-species  is  termed  P.  KoniuekL 
The  charactera  of  the  scales  lead  M.  Lohest  to  regard  this  genus  as 
one  of  the  Lepidosteoid  Ganoids  ;  but  all  known  facts  concerning  the 
evolution  of  the  fishes  render  such  a  determination  most  improbable. 

The  fossil  fishes  thus  enumerated  obviously  indicate  an  Upper  Old 
Bed  Sandstone'  fauna;  and  one  of  the  formations  yielding  them — 
the  "  schistes  d'Evieux  " — is  regarded  as  apparently  intermediate  in 
age  between  the  well-known  sandstones  of  Elgin  and  Dura  Den. 
Lists  of  species  are  given  ;  and  there  is  a  long,  and  somewhat  incon- 
clusive, discussion  as  to  whether  the  fishes  lived  in  fresh-  or  salt- 
water. Other  general  considerations,  both  geological  and  palsBonto- 
logical,  are  also  treated  in  the  final  section  of  the  memoir ;  and  the 
physical  geologist,  equally  with  the  ichthyologist,  will  find  several 
items  of  interest.  A.  S.  W. 


IV. — Dppbr  Cbbtaceous  Fish-bemains  from  Manitoba. 

"  Contributions  to  Canadian  Palaeontology,"  vol.  i.  pt  ii.  (Qeol. 
Surv.  Canada,  1889),  pp.  191-196,  pi.  26,  figs.  6-9.  By  J.  F. 
Whiteavbs,  F.G.S. 

THE  known  range  of  three  typical  genera  of  Upper  Cretaceous 
fishes  is  extended  by  the  recent  discovery,  in  the  Niobrara  Beds 
of  Manitoba,  of  some  fragmentary,  though  interesting,  remains 
described  by  Mr.  Whiteaves.  A  small  dental  crown  of  Piychodus  is 
doubtfully  determined  as  new  and  named  P.  parvul^is ;  but  its 
dwarfed  dimensions  and  comparative  narrowness  may  possibly  be 
explained  by  its  pertaining  to  the  median  series  of  the  upper  jaw. 
Two  teeth  of  Lamna  described  as  L.  maniiohensis,  sp.  nov.,  are  very 
closely  related  to  Lamna  maerorhiza,  and  perhaps  only  a  variety  of 
the  latter.  A  small  slab  of  shale  exhibits  portions  of  jaws  and  teeth 
of  Enchodus,  identified  with  the  Niobrara  form  (E.  Shumardi)  already 
discovered  in  Nebraska;  but,  as  shown  by  skulls  in  the  British 
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Museum  (Proc.  Geol.  Asaoo.  toL  x.  p.  315,  pi.  i.  figs.  5,  6),  the  lx)De 
named  maxilla  is  truly  the  premaxilla,  while  the  so-called  pre- 
maxillary  tooth  pertains  to  the  palatiue  element  Numerous  scales 
of  Cladoeydus  not  only  add  this  genus  to  the  list  from  Manitoba,  but 
likewise  appear  to  be  referable  to  a  species  known  from  Nebraska, 
namely,  C  occidentalis,  Leidy.  A.  8.  W. 


Gbolooical  Sooixty  of  London. 

I.— November  20, 1889.  — W.  T.  Blanford,  LL.D.,  F.B.S.,  President, 
in  the  Chair. 

Tl)e  Secretary  announced  that  a  series  of  specimens  from  the  line 
and  the  neighbourhood  of  the  Main  Reef,  East  and  West  of  Johannes- 
burg, Witwatersrand  Gold  Fields,  had  been  preHented  to  the  Museum 
by  Dr.  H.  Exton,  F.Q.S.,  and  a  letter  from  that  gentleman  in  ex- 
planation of  them  was  read.  In  this  Dr.  Exton  stated  that  all  but 
one  of  the  mines  represented  were  on  the  main  reef  of  the  district, 
which  has  a  general  direction  east  and  west,  its  dip  varying  gene- 
rally from  45°  to  80**.  South  of  the  main  reef  and  parallel  to  it  at 
a  distance  of  15-20  feet  is  a  narrow  reef  known  to  the  miners  as 
the  "  south  leader,"  and  generally  much  richer  than  the  main  reef. 
The  gold-bearing  deposits  consist  of  conglomerates,  specimens  of 
which,  and  of  a  purplish-red  rock  which  forms  a  jagged  ridge  at 
8ome  distance  north  of  and  parallel  to  the  so-ailled  reef,  were  con- 
tained in  the  collection. 

1.  '*  On  the  Occurrence  of  the  Striped  Hyaena  in  the  Tertiary  of 
the  Val  d'Amo."     By  R.  Lydekker,  Esq.,  B.A.,  F.G.S. 

A  portion  of  the  left  maxilla  of  a  Hysena,  in  the  British  Museum, 
containing  the  entire  carnassial,  the  hinder  half  of  the  third  pre- 
molar, and  traces  of  the  inner  extremity  of  a  molar,  was  referred  by 
the  author  in  1885  to  IT.  striata,  and  provisionally  regarded  as  of 
Pleistocene  age,  but  subsequently  concluded  to  have  been  of  Upper 
Pliocene  age.  The  author  has  also  referred  a  rij^jht  upper  carnassial 
of  a  Hyaena  from  the  Red  Crag  to  the  same  species,  on  the  supposi- 
tion that  Prof.  Gaudry's  reference  of  H.  arverneusis  to  H.  striata 
was  correct.  In  the  present  case.  Dr.  Weithofer  Las  concluded  that 
H.  arvemensis  is  entitled  to  rank  aa  a  valid  species,  and  has  accepted 
the  author's  determination  of  the  Red-Crag  form,  thereby  implying 
that  the  identification  of  the  latter  with  H.  arvemensis  was  erro- 
neous. Dr.  Weithofer  also  states  that  all  the  specimens  from  the 
Pliocene  of  the  Val  d'Arno  which  have  come  under  his  notice  are 
more  nearly  allied  to  the  Crocutine  group. 

In  the  present  paper,  measurements  of  the  recent,  Red  Crag,  and 
Val  d'Amo  specimens  referred  by  the  author  to  II.  striata  were 
)(iven.  and  the  differences  shown  to  be  within  the  limits  of  individual 
variation,  whilst  the  actual  contour  of  the  teeth  corresponded,  leading 
the  author  to  maintain  the  correctness  of  his  original  determination. 

After  oompanson  of  the  British  Museum  specimen  with  the  upper 
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jaw  of  Hjaenas  from  the  Yal  d*AnMi,  figvred  hf  Dr.  Weithofer,  it 
was  shown  that  the  Ibnner  epeciiDen  waa  diatinct  frDin  EL  robmgta 
(which  latter  is  allied  to  M.  /etnc  of  the  Siwalik  Hills),  whilst,  a 
nearer  resemhlanoe,  though  with  weU-marked  qiecifio  differenoe,  was 
made  oat  with  JST.  UpariemwU^  which  waa  in  tnm  ohaerred  to  be 
closely  allied  to,  if  not  identical  with.  JBfl  Farieri. 

It  was  olieer¥ed  that  JET.  arweruemaU  covld  he  with  difficulty  dis- 
tingoished  from  iJ.  &r«aaea,  and  that  both  of  these  were  nearer  to 
JJ.  Btriata  than  to  S.  croada^  whilst  H.  Perrieri  appeared  to  connect 
them  with  the  latter. 

2.  *'  The  Catastrophe  of  Kantiorik.  Armenia.**  By  Mons.  F.  M. 
CorpL  .  Gommnnicated  by  W.  H.  Hndleaton,  Esq.,  M.A.,  F.R.S. 

The  Tillage  is  60  kiL  from  Eneioam,  and  1600  metres  above  sea- 
leveL  Sobterranean  noises  and  the  fiulare  of  the  springs  had  giyen 
warning,  and  on  the  2nd  of  Angosi,  1889,  part  of  the  *<  Extern 
iDonntain  **  burst  open,  when  the  village,  with  136  of  its  inhabitants, 
was  buried  in  a  muddy  mass. 

The  author  described  the  district  as  formed  of  Triassic,  Jurassic, 
and  Cretaceous  strata,  subsequently  broken  up  and  torn  by  granitic, 
tmchy  tic,  and  basaltic  rocks,  which  overlie  or  uuderlie  the  Secondary 
rocks,  according  to  the  nature  of  the  dislocation. 

The  flow  was  found  to  have  a  length  from  east  to  west  of  7-8  kil., 
with  a  width  ranging  from  100  to  300  metres,  and  the  contents 
were  estimated  at  50,000.000  cubic  metres.  It  appeared  as  a  mass 
of  blue-grey  marly  mud,  which,  after  the  escape  of  the  gases, 
solidified  at  the  top;  the  inequalities  projected  to  the  extent  of 
10  metres.  The  site  of  the  village  was  marked  by  an  elevation 
of  the  muddy  mass,  some  of  the  debris  of  the  houses  having  been 
carried  forward.  The  lower  part  of  the  flow  was  still  in  a  state  of 
motion,  and  carried  forward  balls  of  marlv  matter. 

It  was  difficult  to  approach  the  source  of  this  flow  on  account  of 
the  crevasses  in  the  side  of  the  mountain.  An  enormous  breach 
served  as  the  orifice  for  the  issue  of  the  mud,  which  emitted,  it  was 
said,  a  strong  odour.  The  violent  projection  of  this  marly  liquid 
and  "incandescent"  (?)  mass  had  carried  away  a  considerable 
portion  of  the  flanks  of  the  mountain,  whose  debris  might  be 
recognized  on  the  surface  of  the  flow  by  the  difference  of  colour. 
Great  falls  were  still  taking  place,  throwing  up  a  fine  powder 
which  rose  into  the  air  like  bands  of  smoke.  There  were  also 
fissures  and  depressions  of  the  ground  at  other  localities  in  the 
neighbourhood. 

8  "On  a  new  Genua  of  Siliceous  Sponges  from  the  Lower 
Calcareous  Grit  of  Yorkshire."     By  Dr.  G.  J.  Hinde,  F.G.S. 

The  author  referred,  in  the  first  instance,  to  the  discussion  as  to 

the  nature  of  certain  renuline  bodies  occurring  in  the  Corallian  of 

Yorkshire  and  elsewhere.     Although  regarded  of  late  years  as  the 

^]i>bate  spicules  of  a  siliceous  sponge,  the  apparent  absence  of  acerate 

ancf  forked  spiculea  in  association  theTewxlYi  \\a%  «\w«^%  i^teaented  a 

difScalty.      Becently  the  author  baa  Tecogaxtoi  Vn  «ig^\ai«tA  Vc^tsv 
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Scarborough  certain  siliceous  sponges  which  seem  to  be  formed 
eutirely  of  globates.  In  outward  appearance  the  sponge  is  upright, 
and  palmate  or  fan -shaped,  the  largest  being  140  miiiim.  in  height. 
The  wall  is  14  millim.  thick,  and  consists  of  plates  which  anastomose 
BO  as  to  form  a  labyrinthine  structure,  and  are  perforated  regularly 
by  oval  slits.  The  laminated  walls  are  composed  entirely  of  small 
reuiform  spicules  (globates),  well  seen  where  secondary  crystalliza- 
tion has  not  fused  them  together.  The  globates,  like  those  of  QeodioL, 
are  built  up  of  fibres  radiating  from  the  centre,  and  terminating  on  the 
outer  surface  in  nodose  ends,  which  causes  a  spotted  appearance. 

The  exceptional  character  of  these  sponges  consists  in  their  having 
the  siliceous  skeleton  composed  entirely  of  globates.  I'he  nearest 
living  form  is  Flacospongia,  in  which  both  the  axis  and  the  dermal 
crust  are  formed  of  globates  with  an  interspace  built  up  of  numerous 
pin-like  spicules.  Assuming  the  absence  of  pin-like  spicules  in  the 
Scarborough  fossil,  the  differences  are  more  than  generic.  The  name 
Benulina,  given  by  Blake  to  the  globates,  having  been  preoccupied, 
the  author  proposed  that  of  Bhaxella  for  the  genus,  and  described 
the  sponge  from  the  Lower  Calcareous  Grit  as  B.  perforata,  sp.n. 


II.— Dec.  4,  1889.— W.  T.  Blanford,  LL.D.,  F.R.S.,  President,  in 
the  Chair. — ITie  following  communications  were  read  : — 

1.  "  On  Remains  of  Small  Sauropodous  Dinosaurs  from  the 
Wealden."     By  R.  Lydekker,  Esq.,  B.A.,  F.G.S. 

The  author  first  noticed  some  teeth  from  the  Wealden  of  Sussex 
and  the  Isle  of  Wight,  provisionally  referred  by  Man  tell,  and  sub- 
sequently by  Sir  R.  Owen,  to  HylaosauruSy  which  he  h«ul  made  the 
type  of  a  species  of  Pleuroccelua,  He  then  described  the  imperfect 
centrum  of  a  dorsal  vertebra  from  the  Wealden  of  Cuokfield,  pre- 
served in  the  British  Museum,  and  a  somewhat  larger  imperfect 
vertebra  obtained  from  the  Wealden  of  Brook,  Isle  of  Wight. 

In  the  absence  of  any  evidence  in  favour  of  a  contrary  view,  he 
proposed  provisionally  to  refer  the  vertebra  to  Pleurocoelus  valdensis, 
a  name  which  he  had  given  to  the  form  represented  by  the  teeth  in 
a  paper  published  in  the  Geological  Magazine  for  the  current  year. 
He  stated  that  they  aflforded  absolutely  conclusive  evidence  of  the 
occurrence  in  the  English  Wealden  of  a  diminutive  Sauropodous 
Dinosaur,  which  was  the  contemporary  of  the  huge  Eoplosaurua 
and  the  still  more  gigantic  Pelorosaurus,  and  that  they  also  served 
to  increase  the  evidence  as  to  the  similarity  of  the  Dinosaurian  fauna 
of  the  Upper  Jurassic  of  North  America  to  that  of  the  Upper  Jurassic 
and  Lower  Cretaceous  of  Europe. 

2.  "  On  a  Peculiar  Horn-like  Dinosaurian  Bone  from  the  Wealden." 
By  R.  Lydekker,  Esq.,  B.A.,  F.G.S. 

Among  a  series  of  vertebrate  remains  sent  from  the  Dorsetshire 
County  Museum  to  the  British  Museum,  there  is  an  imperfect,  stout, 
short,  ccme-like  bone  from  the  Wealden  of  Brook,  Isle  of  Wight. 
It  appears  to  present  a  close  resemblance  to  the  horn-cores  of  the 
Dinosaur  described  by  Prof.  Marsh  as  Ceratops, 

The  author  did  not  regard  the  specimen  as  affording  ooncl\i&VNQ 
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evideDoe  of  the  existence  in  the  Wealden  of  a  large  Dinosaur 
famished  with  horn-like  projeotions  on  the  skull  like  thoee  of  the 
American  Ceratops,  hut  suggested  that  such  might  really  prove  to 
be  its  true  nature. 

3.  ''  The  Igneous  Constituents  of  the  Triassio  Breccias  and  Con- 
glomerates of  South  Devon."     By  R.  N.  Worth,  Esq.,  F.G.S. 

During  the  investigation  several  hundred  fragments  were  exa- 
mined, the  largest  occurring  at  Teignmouth,  between  which  place 
and  Dawlish  the  breccias  are  most  varied  in  composition,  and  con- 
tained the  greatest  proportion  of  granitoid  rocks.  The  igneous 
fragments  were  thus  divided : — I.  Qranites ;  II.  Felsite  group :  a,  non- 
schorlaceoiis.  h,  schorlaceous ;  III.  Andesitic  group:  IV.  MiscelU- 
neous.  Of  these,  including  in  all  76  varieties,  I.,  II.  6,  and  IV.  are 
plainly  of  Dartmoor  origin  in  gross,  the  schorlaceous  and  contact- 
altered  rocks  having  belonged  to  the  outer  or  to  an  upper  zone ; 
III.  can  for  the  most  part  be  identified  with  the  in-sitii  **  felspathic 
traps"  of  the  neigh bonrhood.  The  non-schorlaceous  division  of  II. 
differs  but  little  from  Dartmoor  el  vans ;  some  may  have  been  surface- 
portions  of  felsitic  dykes,  or  even  fragments  of  felsitio  lavas.  The 
igneous  fragments  of  the  breccias,  as  a  rule,  are  not  much  altered 
structurally  ;  they  are  of  local  origin. 

The  large  blocks  indicate  the  vicinity  of  high  land  abutting  on  a 
shore-line.  Of  this  high  land  Dartmoor  is  a  relic.  The  transporting 
power  of  water  was  perhaps  supplemented  by  a  glacial  climate  and 
volcanic  activity.  De  la  Beche  considered  that  igneous  action 
accompanied  the  earliest  '< red-rock*'  deposits.  The  "felspathic 
traps "  are  known  to  be  both  antecedent  to  and  contemporaneous 
with  the  breccias,  and  there  is  evidence  which  points  to  their  being 
comprised  within  the  period  of  igneous  activity  represented  by  the 
Dartmoor  el  vans.  The  author  says  that  there  is  a  preponderance  of 
volcanic  over  plutonic  igneous  rocks,  and  thinks  that  the  existing 
remnants  of  "felspathic  traps"  are  not  sufficient  to  supply  the 
quantity.  He  suggests  that  they  must  have  come  from  an  upper 
portion  of  Dartmoor. 

In  conclusion,  the  author  considered  that  he  has  shown  that  the 
Igneous  materials  are  of  local  origin,  and  that  they  consist  of  granites, 
felsites,  and  volcanic  types,  ranging  from  andesites  to  basalts ;  that 
the  few  igneous  fragments  not  hitherto  assigned  to  tn-sitii.  rocks  are 
yet  of  a  similar  character;  that  the  conditions  under  which  the 
"  felspathic  traps  "  occur  in  sitH  lead  to  the  inference  that  they  are 
volcanic  phenomena  which  probably  represent  the  final  phase  of 
the  igneous  activity  of  the  Dartmoor  region.  Lastly,  he  expresses 
his  opinion  that  the  elevation  of  Dartmoor  and  the  associated  igneous 
phenomena  took  place  at  a  period  not  earlier  than  the  Permian. 

4.  "  Notes  on  the  Glaciation  of  Parts  of  the  Valleys  of  the  Jhelam 
and  Siud  Kivers  in  the  Himalaya  Mountains  of  Kashmir."  By 
Capt.  A.  W.  Stiflfe,  F.G.S. 

After  referring  to  the  previous  writings  of  Messrs.  Lydekker, 
Theobald,  and  Wynne,  and  Col.  Godwin -Austen,  the  author  gave  an 
account  of  his  observations  made  during  a  visit  to  Kashmir  in  1885, 
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which  appeared  to  him  to  indicate  signs  of  former  glaciation  on  a 
most  enormous  scale. 

A  transverse  valley  from  the  south  joins  the  Sind  valley  at  the 
plain  of  Sonamurg,  and  contains  glaciers  on  its  west  side.  These, 
the  author  stated,  filled  the  valley  at  no  remote  period,  and  extended 
across  the  main  Sind  valley,  where  horse-shoe- shaped  moraines,  many 
hundred  feet  high,  occurred,  and  dammed  the  river,  forming  a  lake 
of  which  the  Sonamurg  plain  was  the  result  The  mountains  which 
originated  the  above  glaciers  were  described  as  being  cut  through 
by  the  Sind  river,  and  the  rocks  of  the  gorge  were  observed  to  be 
striated,  whilst  rocks  with  a  moutonnee  appearance  extended  to  a 
height  of  about  2000  feet 

The  whole  of  the  Sind  valley  was  stated  to  be  characterized  by  a 
Buocession  of  moraines  through  which  the  river  had  cut  gorges,  whilst 
the  hill-sides  were  seen  to  be  comparatively  rounded  to  heights  of 
2000  feet  or  more. 

The  author  had  also  formed  the  opinion  that  at  Baramulla  the 
barrier  of  a  former  lake  occupying  the  Kashmir  valley  was  partly 
morainio,  before  reading  Prof.  Leith  Adams's  view  of  the  glacial 
origin  of  some  of  the  gravels  of  this  point. 

The  whole  valley  of  the  Jhelam  from  this  point  to  Mozufferabad 
Rbowed  extensive  glacial  deposits,  which  had  been  modified  by 
denudation  and  by  the  superposition  of  detrital  fans,  widely  different 
in  character  from  the  glacial  deposits.  Below  Rarapoor  the  valley 
was  thickly  strewn  with  enormous  granite  blocks  resting  upon 
gneiss,  and  the  author  believed  that  they  had  been  transported 
by  ice. 

In  conclusion,  it  was  noted  that  the  existing  torrential  stream  had 
further  excavated  the  valley  since  Glacial  times  and,  in  places,  to  a 
considerable  depth. 

JOHN     BALL,    F.R.S.,    F.L.S.,    M.R.I. A.,    &c. 

Born  20th  August,  1818;    Died  218t  October,  1889. 

The  sudden  death  of  Mr.  John  Ball  has  removed  from  amongst 
08  a  man  whose  name  will  be  remembered  with  veneration  so  long 
as  Alpine  geology  and  botany  and  mountaineering  pursuits  retain 
any  of  their  present  interest.  As  the  eldest  son  of  a  distinguished 
lawyer — the  Rt.  Hon.  Nicholas  Ball,  Attorney-General  for  Ireland, 
and  subsequently  Judge  of  the  Court  of  Common  Pleas — Mr.  Ball 
was  naturally  destined  for  the  legal  profession,  and  after  a  brilliant 
career  at  Cambridge,  he  was  called  to  the  Irish  bar  in  1843.  He 
however  soon  turned  his  attention  from  law  to  politics,  and  served 
for  some  years  as  Assistant  Poor  Law  Commissioner  for  Ireland,  a 
post  which  he  resigned  on  his  election  in  1852  as  Member  for 
Carlow.  His  Parliamentary  career,  though  brief,  was  distinguished. 
The  statesmanlike  foresight  that  led  him  then  to  advocate  the 
principle  of  tenants'  compensation  for  dibturbance,  and  the  courage 
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witL  wbich  Le  sacrifioed  his  Irifih  popularity  by  bis  defence  of  tbe 
extension  of  the  Income-tax  to  Ireland,  won  for  bim  tbe  confidence 
of  the  leaders  of  his  party,  and  led  to  bis  appointment  in  1855  as 
Under-Secretary  for  the  Colonies  in  Palmerston's  first  adminis- 
tration.  But  Mr.  Ball's  defeat  at  Limerick  in  1858  induced  him 
to  abandon  politics  for  science. 

It  was  about  this  time  that  the  Alpine  Club  was  started,  and 
though  he  was  not  one  of  its  original  founders,  Mr.  Ball's  thorough 
knowledge  of  the  Alps,  and  his  brilliant  exploits  there,  led  to  his 
election  as  its  first  President.  It  is  almost  impossible  now  to 
realize  the  difficulties  with  which  Mr.  Ball  had  to  contend  in  his 
early  Alpine  explorations.  The  race  of  skilled  mountaineers  who 
now  do  most  of  the  work  of  an  ascent  was  not  then  in  existence ; 
though  a  local  guide  was  indiRpensable,  he  usually  hindered  instead 
of  helping,  and  was  a  positive  danger  on  snow  or  ice ;  thus  in  Mr. 
Ball's  ever-memorable  passage  of  the  Schwarzthor  in  1845,  the 
whole  of  the  difficult  work  among  the  seracs  of  the  Schwarz 
glacier  devolved  on  him  ;  or,  again,  in  the  first  ascent  of  the  Pelmo, 
the  guide  was  left  behind,  too  frightened  to  proceed,  while  Mr. 
Ball  fought  his  way  to  the  summit  alone. 

But  it  is  probably  not  as  a  climber  that  Mr.  Ball  will  be  best  remembered ;  others 
coming  after  him  have  reaped  the  rewards  of  his  labours,  and  with  a  better  race  of 
guides  bare  gained  a  wider  popular  renown  by  the  ascent  of  better  known  peaks, 
or  of  those  around  which  some  striking  tra^eoy  has  thrown  the  halo  of  romance. 
But  while  Mr.  Ball  climbed  *'he  used  his  head  as  well  as  his  heels,*'  to  quote  an 
old  saying  of  his,  and  he  always  studied  the  botany  and  geology  of  t^e  districts  he 
traversed.  The  former  was  his  favourite  science,  and  as  every  one  knows  who  baa 
used  his  Guide,  he  was  as  familiar  with  the  local  plants  as  with  the  local  passes. 
In  working  out  his  welUknown  theory  of  the  origin  of  the  Alpine  flora,'  he  made 
numerous  visits  to  the  Pyrenees  and  the  Balkans,  and  others  to  the  Andes  and  the 
Atlas  ;  a  lengthy  list  of  memoirs  and  papers  testifies  to  the  ardour  of  his  botanical 
studies,  while  some  of  his  results  are  of  as  much  interest  to  geolo^sts  as  botanists. 
In  the  controversies  over  the  theories  of  glacier  motion  and  the  glacial  origin  of  lake- 
basins,  Mr.  BalPs  intimate  acquaintance  with  the  Alpine  glaciers  gave  his  utterances  ' 
exceptional  weight ;  his  paper  on  **  Soundings  Executed  in  the  Lake  of  Como**' 
seems  to  have  settled  the  question  as  far  as  that  lake  is  concerned.  His  papers  on 
glacier  motion  are  no  less  marked  by  the  trenchant  criticisms  of  the  theories  of 
Moseley  and  Croll  than  by  the  clearness  with  which  he  recognized  the  fundamental 
differences  between  glacier  and  lake  ice. 

Though  others  may  have  made  more  striking  first  ascents,  or  have  left  a  deeper 
mark  in  Alpine  geology,  there  seems  to  be  no  question  that  in  his  knowledge  of 
Alpine  topography,  Mr.  Ball  stood  absolutely  without  a  rival.  Mr.  Ball  knew  the 
Alps  as  no  other  man  ever  knew  them.  His  great  *'  Alpine  Guide  *'  *  has  rendered 
invaluable  service  to  all  subsequent  work  on  the  geoeraphj  of  the  AJps.  It  is  not 
till  one  has  tested  this  work  in  some  unfrequented  region,  and  compared  it  with 
other  guide  books  of  the  same  period,  that  one  can  realize  with  what  marvellous 
instinct  its  author  had  seized  all  tne  salient  features  in  the  district.  It  is  hoped  that 
a  new  and  revised  edition  of  this  Guide  will  be  prepared  by  the  Alpine  Club,  as 
to  give  Mr.  Ball's  greatest  work  a  new  lease  of  usefulness  would  be  the  most 
appropriate  memorial  to  one  of  the  earliest  of  Alpine  explorers  and  the  greatest  of 
scientific  mountaineers.  J.  W.  G. 

>  **  On  the  Origin  of  tbe  Flora  of  tbe  European  Alps,"  Proo.  Geogr.  Soe.  new  ser.  vol  L 
1879,  pp.  564-8«. 

t  "On  tbe  Formation  of  Alpine  Valleys  and  Alpine  Lakeii,''  Pbil.  Mng.  vol.  zxt.  1863.  pp. 
81>10S.  **  On  tbe  Formation  of  Alpine  Lake*,'*  Pbil.  Mag.  vol.  zzvi.  1868,  pp.  •I89-602.  ^  On 
tbe  Can«e  of  tbe  Dc«eent  of  Glaciers,*'  Pbil.  Mag.  vol.  zL  1870,  pp.  1-10.  '*  On  tbe  Cause  of 
the  Motion  of  Olacters,"  Pbil.  Mag.  vol.  zH.  1871.  pp.  81-87. 

•  Okol.  Mao.  VoL  VIII.  i871,  pp.  859-63. 

*  1^'estem  Alps,  1868 ;  Central  Alps,  1864;  Eastern  Alps,  1868. 
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I. — Emincmt  Living  Okolooists. — ^No.  6. 
Profosor  Archibald  Obikib,  LL.D.,   F.R.S.  L.  &  E., 

DIBlCTOm-OBirBBAZ.  OF  THB  OBOLOOICAL  8VBYBT  OF  THB  UNITBD  XINGDOK. 

(WITH  A  PORTRAIT.) » 


DOCTOR  ARCHIBALD  OEIEIE  was  bom   in   Edinburgh  in 
1835.     He  was  educated  at  the  Royal  High  School — ^tbe  most 
famoof  of  the  many  celebrated  Bcbolastic  institutions  of  the  ''Modern 
I     Athens,"  and  at  Edinburgh  University.     He  became  an  Assistant 
on  the  Oeologioal  Survey  of  Scotlapd  in  1855,  and  in  1867,  when 
that  branch  of  the  Survey  was  made  a  separate  establishment,  he 
was  appointed  Director.    A  few  years  later — in  1871 — he  was  elected 
to  fill  the  Marohison  Professorship  of  Gk^ology  and  Mineralogy  in 
the  University  of  Edinburgh,  when  the  chair  for  these  subjects  was 
founded  by  Sir  Roderick  Murchison  and  the  Grown  in  that  year. 
Sohsequently  he  resigned  these  appointments,  when  at  the  beginning 
of  1881  he  was  appointed  to  succeed  Sir  Andrew  0.  Ramsay,  as 
Director-General  of  the  Geological  Survey  of  the  United  Kingdom, 
and  Director  of  the  Museum  of  Practical  Geology  in  Jermyn  Street. 
It  is  hardly  necessary  to  say  that  during  this  period  he  has  engaged 
in  an  immense  amount  of  official  work.     To  begin  with,  he  had  the 
direct  supervision  of  the  Survey  of  Scotland  almost  from  its  com- 
mencement, and  has  mapped  with  his  own  hand  many  hundreds  of 
square  miles  of  country,  besides  writing  or  editing  all  the  published 
Sonrey  Memoirs   descriptive  of  Scotland.     Again,  since  becoming 
Director>Oeneral  in  London,  he  has  given  special  attention  to  the 
petrographical  department  of  the  service,  previously  weak,  but  which 
hag  now  attained  great  strength  and  importance.     Professor  Geikie 
was  one  of  the  first  field-geologists  in  this  country  to  perceive  the 
importance  of  microscopic  investigation  as  an  adjunct  to  field-work, 
&nd  to  begin  this  investigation  himself.     One  direct  result  of  this 
has  been  the  great  enlargement  of  the  petrographical  collection  of 
the  Museum  in  Jermyn  Street.     Upwards  of  5000  slides  of  British 
^ks  have  been  prepared  and  are  now  available  for  the  student  in 
this  branch  of  investigation. 
The  one-inch  Geological  Survey  maps  of  England  and  of  Ireland 

^  The  portrait  accompanyinjf  this  Notice  is  most  obligingly  lent  by  George  A. 
Perjnison,  Esq.,  Editor  of  the  **  Mining  Journal,'*  in  which  periodical  it  appeared  on 
lumber  28th.  1889,  and  from  the  columns  of  which  this  notice  has  been  largely 
reproduced. — Edit.  Gbol.  Mao. 
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have  been  completed  during  Professor  (Jeikie's  tenure  of  the  Director- 
Generalship.  The  survey  of  the  superficial  deposits  over  those 
parts  of  England  and  Wales,  where  they  are  not  previously  mapped, 
is  now  being  carried  on.  The  Survey  is  at  present  also  gathering 
up  the  results  of  its  long  labours  in  the  form  of  descriptive  Memoirs 
of  each  of  the  geological  formations  of  the  country. 

Those  who  consider  the.  work  of  the  Geological  Survey  all  very 
easy  and  plain  sailing  will  probably  change  their  views  when  we 
mention  that,  as  a  matter  of  fact,  the  maps  of  the  Coal-fields  and 
mineral  districts  have  continually  to  be  revised  and  kept  up  to  date. 
Constant  supervision,  too,  is  necessary  on  the  part  of  the  I)irector- 
General  in  the  field-work  and  office- work  connected  with  the 
engraving  of  maps  &nd  sections,  and  the  editing  of  the  Memoirs. 

Though  Dr.  Geikie's  hands  are  very  fully  occupied  with 
bis  official  duties,  ^e  has  yet  found  time  to  engage  extensively  in 
exhaustive  original  research.  Amongst  the  more  important  investi- 
gations carried  on  by  him  over  and  above  his  official  work,  may  be 
mentioned  his  "History  of  Volcanic  Actioii  in  Britain."  This  he 
has  developed  in  a  series  of  papers  wherein  the  volcanic  phenomena 
of  the  Old  Bed  Sandstone,  Carboniferous,  Permian,  and  Tertiary 
periods  have  been  illustrated.  He  has  also  discussed  in  numerooB 
papers,  and  more  particularly  in  his  "Scenery  and  Geology  of 
Scotland/'  the  subjectisr  of  denudation  and  the  origin  of  scenery. 
His  **  History  of  the  Glacial  Period "  gave  the  first  systematic 
arrangement  of  the  deposits  of  that  period  with  reference  to  the 
probable  series  of  events  of  which  they  were  the  records ;  while  hit 
"History  of  the  Old  Bed  Sandstone  of  Western  Europe"  is  a 
laborious  investigation,  of  which  the  first  part  is  published,  and  the 
second  part  is  far  advanced.  In  the  prosecution  of  these  researches 
Dr.  Geikie  has  travelled  over  much  of  Europe,  and  has  also  studied 
the  broad  features  of  the  Geology  of  the  United  States  and  of  Canada. 

Dr.  Geikie  has  long  been  intimately  associated  with  the  progress 
of  educatiorial  work.  He  has  always  taken  a  deep  personal  interest 
in  promoting  the  establishment  of  Natural  Science  as  an  instrument 
in  Education.  In  this  connection '  it  may  be  mentioned  that  he  is 
the  author  of  primers  of  physical  geography  and  geology,  which 
have  had  a  very  large  sale,  and  have  been  translated  into  most 
European  languages,  and  even  into  some  of  those  of  India.  He  is 
also  the  author  of  some  advanced  class-books  on  the  same  subjects, 
of  his  well-known  text-book  of  geology  (now  in  its  second  edition), 
and  of  geological  maps  of  Scotland  and  the  British  Isles. 

When  appointed  in  1871  to  the  University  Chair  in  Scotland 
specially  devoted  to  Geology,  Dr.  Geikie  had  the  whole  work  of  that 
department  to  organize.  He  also  prepared  a  large  number  of  tho 
diagram  illustrations  used  in  connection  with  his  lectures  with  hi0 
own  hand,  and  gathered  together  a  valuable  class  museum. 

Dr.  Geikie  has  been  largely  engaged  in  literary  work,  as  dis-» 
tinguished  from  purely  scientific  dissertation.     In  this  connectiois 
it  may  be  said  that  he  has  always  recognized  the  importance  o^ 
^tivating  the  literary  element  in  scientific  essay- writing.    He  ha£» 
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been  the  author  of  many  essays  and  reviews — signed  and  unsigned — 
in  the  leading  reviews  and  joarnals.  Some  of  these  were  selected 
and  published  in  1882  in  a  volume  entitled  **  Geological  Sketches  at 
Home  and  Abroad."  The  main  aim  of  these  writings  has  been  to  make 
8cienoe  intelligible  and  interesting  to  those  outside  of  the  circle  of 
actual  workers.  He  has  also  written  a  number  of  biographical 
notices  of  his  contemporaries  published  in  *'  Nature/'  and  in  the 
Journals  or  Proceedings  of  scientific  societies.  .  Two  larger  bio- 
l^raphies — "  Memoirs  of  Edward  Forbes  "  (in  conjunction  with  Dr. 
George  Wilson),  and  the  "  Life  of  Murchison  " — the  latter  giving  a 
aketch  of  the  rise  and  progress  of  Palaeozoic  Geology  in  Britain, 
are  also  from  the  same  prolific  pen. 

Those  who  are  familiar  leith  Dr.  Geikie's  style  will,  we  feel 
inre,  agree  with  us,  that  he  is  one  of  the  pleasantest  and  most 
attractive  writers  of  our  time.  His  articles  have  adorned  the  pages 
of  this  Maoazins,  since  its  commencement  in  July,  1864,  and  have 
always  been  most  valuable  and  suggestive,  whether  they  dealt  with 
some  special  geological  phenomenon,  such  as  "the  Old  Man  of  Hoy;*' 
"a  volcanic  bomb  in  the  clifif  at  Burntisland/'  or  with  broad  subjects 
inch  as  subaerial  denudation  and  the  physical  featui-es  and  scenery 
of  a  country,  or  the  volcanic  phenomena  of  the  British  Islands. 

In  these  and  kindred  subjects,  Dr.  Geikie  has  shown,  not  only  the 
pen  of  the  ready  writer,  but  also  the  pencil  of  the  accomplished 
artist,  and  doubtless  much  of  the  charm  he  possesses  is  due  to  the 
oombined  power  to  take  in  and  fix  rapidly  with  pencil,  as  well  as 
graphically  to  describe,  the  salient  features  of  the  country  he  is 
traversing. 

It  is  satisfactory  to  know  that  the  continuous  labour  and  scientific 

studies  of  Dr.  Geikie  have  not  passed  without  recognition.     He  has 

been  elected  into  many  scientific  societies  at  home  and  abroad.     He 

entered  the  Royal  Society  before  reaching  the  agia  of  30,  a  most 

tin  usual  honour ;   has  been  Vice-President,  and  was  recently  elected 

Foreign  Secretary  of  that  Society.     Within  the  last  few  months  the 

Berlin  Academy  has  placed  him  in  its  ranks,  the  Royal  Academy 

of  Sciences  of  Gottingen  has  elected  him  to  the  vacancy  caused  by 

the  death  of  the  illustrious  Studer — the  Nestor  of  Swiss  geoloj^^y, 

and  the  Imperial  Leopold-Caroline  Academy — the  oldest  scientific 

Society  of  Germany — has  enrolled  him  among  its  members.      Dr. 

Geikie  has  also  been  the  recipient  of  the  Murchison  medal  of  the 

Geological  Society,  and  has  twice  received  the  MacDougal  Brisbane 

Gold  Medal  of  the  Royal  Society  of  Edinburgh.     He  is  an  Honorary 

LL.D.  of  the  Universities  of  St.  Andrew's  and  Edinburgh. 

The  Geological  Survey  of  the  United  Kingdom  has  every  reason 
to  congratulate  itself  in  having  for  its  Director-General  not  only 
*  practical  geologist,  but  a  gentleman  so  widely  known  and  respected 
And  of  such  scholarly  attainments  as  Professor  Archibald  Geikie. 

It  is  an  open  secret  we  believe,  with  most  scientific  men  about 
London,  that  Dr.-  Geikie  is  the  President-designate  of  the  Geological 
Society,  a  choice  which  will  be  sure  to  meet  with  the  cordial  su^^ort 
*^d  approval  of  all  its  Yellows. 
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II. — Mb.  Mkllabd  Bkadk's  Intebprbtatioh  of  ths  Lowkb  Tbus 

Physioobaphy. 

By  Prof.  T.  O.  Bonmit,  D.Sc.,  LL.D.,  F.R.S.,  F.0.8. 

TF  truth  is  elicited  by  the  confliot  of  opinion,  we  ought  to  arrive 
at  a  right  conclasion  as  to  the  physical  history  of  the  English 
Trias.  Unfortunately,  however,  some  of  the  hypotheses  propounded 
result,  as  it  seems  to  me,  from  dwelling  too  much  on  certain  minor 
difficulties,  or  limiting  the  view  to  one  group  of  facts,  while  others 
not  less  important  are  excluded.  From  these  objections  Mr.  Mellard 
Reade's  interesting  communication,  printed  in  the  Okol.  Mao.  for 
last  December,  does  not  appear  to  me  exempt. 

Incidentally,  however,  he  clears  the  ground  by  his  distinct  recog- 
nition of  the  fact  (often  overlooked)  that  the  Bunter  and  the  Eenper 
were  deposited  under  very  dififerent  circumstances,  and  by  the  state- 
ment (grounded  on  personal  observation)  that  the  tripartite  division 
of  the  Bunter  group  is  not  so  general  or  so  definite  as  was  asserted 
by  Professor  Hull.  This  removes  a  difficulty  in  the  hypothesis  of 
a  fluviatile  origin,  which  I  have  always  felt  to  be  rather  serious. 

Restricting  his  remarks  to  the  Bunter,  Mr.  Mellard  Reade  admits 
that  the  lake-delta  hypothesis  is  unsatisfactory,  and  that  the  choice 
lies  between  a  fluviatile  or  a  marine  origin. 

His  main  objections  to  the  former  of  these  two  hypotheses,  as  I 
gather  from  his  paper,  are  the  following : — 

(1)  That  he  cannot  understand  the  existing  distribution  of  the 
Bunter  on  the  hypothesis  of  a  fluviatile  origin.  He  adduces  some 
instances  of  his  difficulties.  Of  these  one  only  seems  to  me 
important,  the  occurrence  of  Triassic  Sandstones  in  the  Yale  of 
Clwyd.  Doubtless  this  is  a  difficulty,  but  I  find  it  no  more  easy  to 
account  for  these  on  the  hypothesis  which  he  prefers;  so  that  I 
remain  where  I  was.  The  patch  of  Trias,  low  down  in  the  Eden 
Yalley,  does  not  seem  so  very  anomalous,  while  I  entirely  fail  to 
see  any  improbability  in  regarding  the  Pennine  Chain  as  an  upland 
which  separated  for  a  time  the  valleys  of  two  rivers,  draining  the 
mountainous  region  to  the  north.  As  for  the  general  tendency  of 
the  sandstones  to  thin  o£f  against  the  hills  which  bounded  the 
Triassic  lowland,  that  is  no  more  than  what  we  should  expect,  and 
agrees  with  the  demeanour  of  the  sub-Alpine  drifts  at  the  present 

(2)  That  there  is  no  instance  on  record  "of  the  finding  in  Triassic 
Sandstones  of  anything  like  a  river  channel."  I  should  be  rather 
surprised  if  one  had  been  detected.  Rivers  discharging  sand  and 
gravel  on  an  open  lowland,  and  liable  to  frequent  floods,  are  constantly 
changing  their  courses,  and  the  deposits  are  so  variable  that  definite 
channels  are  not  indicated.  The  same  objection  would  apply  to  the 
great  masses  of  post- Pliocene  drift  which  border  the  Alps,  and  to 
the  nagelflue  and  molasse  of  Switzerland. 

(3)  That  **it  is  difficult  to  conceive  of  a  river  ....  bringing 
down  nothing  but  sand."  The  sub- Alpine  drifts,  just  named,  closely 
resemble  the  Banter  pebble-beds,  and  as  regards  thickness  are  not 
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nnwortby  of  being  oompared  with  it.  The  nagelflue  and  molasse  of 
Switzerland  for  a  greater  thickness  than  even  the  Trias  of  Bootle 
consist  only  of  pebbles  and  sand.  As  I  have  more  than  once  pointed 
out,  the  close  resemblance  of  these  deposits  to  the  Lower  Trias  of  the 
DortherD  half  of  England  indicates  a  similarity  of  origin ;  and  though 
some  marine  deposits  do  occur  in  the  Swiss  Miocenes,  I  believe  that 
the  freshwater  origin  of  the  beds  to  which  I  refer  is  universally 
admitted. 

(4).  The  disappearance  of  the  northerly  ''plateau  or  Alpine  range 
from  which  the.  materials  of  the  Trias  have  been  supplied.  Why 
should  it  have  been  destroyed,  when  a  lesser  orographic  feature 
like  the  Pennine  Chain  remains?"  Mr.  Mellard  Reade  does  not 
appear  to  me  to  be  quite  consistent  throughout  his  paper  in  regard 
to  this  objection  ;  but  letting  that  pass,  I  reply  that  the  same  kind 
of  objection  might  be  brought  forward  in  regard  to  the  Alps  and 
the  Jura.  The  former  have  lost  by  denudation  much  more  than  the 
latter.  In  fact,  for  very  obvious  reasons,  of  two  mountain  maMtfa 
in  adjacent  regions,  the  larger  is  likely  to  suffer  more  than  the 
smaller.  Further,  in  asking  the  question  quoted  above,  Mr.  Mellard 
Beade  appears  to  have  overlooked  Scotland. 

Having  thus  noticed  Mr.  Mellard  Reade*s  chief  objections  to  the 
fluviatile  hypothesis,  I  will  briefly  mention  one  or  two  which  occur 
to  me  against  the  marine  alternative  propounded  by  him. 

(1)  Even  if  we  regard  it  as  proved  that  "  the  tidal  wave  produces 
currents  acting  through  the  full  depth  of  the  water  from  the  surface 
to  the  bottom,"  is  there  any  evidence  that  these  currents  would  be 
capable  of  sweeping  about  pebbles '3  or  4  inches  in  diameter — 
especially  in  Central  England,  where,  in  order  to  bring  the  tidal 
waves  over  the  north-western  region,  the  estuary  should  be  pretty 
deep?  Indeed,  in  Staffordshire  (where  I  am  writing),  where 
evidence  of  deposit  by  powerful  currents  is  very  strong,  pebbles  of 
over  4  inches  diameter  are  rather  common.  The  Bunter  here,  mutatis 
muinndia,  is  identical  with  the  drift  bordering  the  Alps  and  with  the 
Swiss  nagelflue. 

(2)  Where,  we  may  ask,  can  we  place  the  communication  between 
the  Triassic  estuary  of  North-west  England  and  the  open  ocean? 
I  venture  to  think  that  this  serious  difficulty  has  not  been  met  by 
Mr.  Mellard  Eeade,  and  that  it  cannot  be  brought  with  equal  force 
against  the  advocates  of  a  fluviatile  origin  for  the  English  Bunter. 
A  river  can  escape  from  open  country  through  a  narrow  passage,  but 
for  a  great  tidal  wave,  competent  to  sweep  to  and  fro,  as  he  requires 
it  to  do,  the  gate  must  be  wide  and  the  way  broad  indeed. 

(3)  Have  we  any  evidence  to  justify  us  in  ascribing  thick  beds 
of  conglomerate  to  marine  action  ?  Excepting  cases  where  torrents 
discharge  their  contents  into  rapidly  deepening  seas — i.e,  submarine 
deltas— can  any  instances  be  found  of  marine  conglomerates  com- 
parable with  such  a  deposit  as  the  Bunter,  which  at  any  rate  in 
some  parts  of  England  (as  here)  is  a  practically  unbroken  pebble  bed 
at  least  thirty  yards  thick  ?  *   I  have  never  myself  read  of  or  met  with 

*  Generally,  as  stated  by  Prof.  Hull  (Memoir  Triassic  and  Peimiaii  BLocJu, 
P*  108,  etc.),  and,  I  fvUjr  beUeve,  much  more. 
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any  such  marine  oonglomerate,  and,  so  far  as  I  can  infer  from  what 
I  have  seen  of  modem  marine  deposits,  am  led  to  belive  that  marine 
conglomerates  are  rather  limited  in  extent  and  still  more  in  thioknesi, 
under  all  circumstances  but  those  which  I  have  just  mentioned. 

I  proceed  lastly  to  the  facts  which  Mr.  Mellard  Beade  has 
overlooked. 

(1)  No  notice  is  taken  of  the  resemblance  presented  by  the 
Bunter  beds  to  the  Alpine  drifts,  nagel6ue,  and  molasse,  or  to  parts 
of  the  German  Trias,  deposits  for  which  a  marine  origin  cannot  be 
claimed. 

(2)  The  origin  of  the  Bunter  pebbles  is  treated  as  if  it  were  stiU 
a  perfectly  open  question.  ''As  regards  the  contained  quartsite 
pebbles,  one  set  of  observers  contend  that  they  came  from  the  north, 
another  from  the  south,  while  a  third  considers  that  they  have  been 
derived  from  the  destruction  of  rocks  in  Mid-England."  I  venture 
to  think  that  this  is  hardly  the  case,  unless  (as  appears  to  be  the 
habit  of  some  geologists)  we  regard  a  hypothesis  which  is  a  mere 
surmise  as  of  equal  value  with  one  which  is  an  induction  from  facts. 
Mr.  Mellard  Beade,  moreover,  is  not  even  accurate  in  his  statement 
of  this  problem.  The  **  quartzites,"  though  the  most  abundant,  are 
by  no  means  the  only  larger  ''  materials  of  the  sandstones."  Of 
these  it  will  be  enough  on  the  present  occasion  to  mention  three :  * — 

(1)  Granites,  gneissoid  rocks  and  schists — rare  and  rotten — more 
resembling  Scotch  rocks  than  any  other  British,  but  too  few  and 
ill-preserved  to  give  any  conclusive  answer. 

(2)  Various  felstones,  not  rare.  These  as  a  rule  cannot  be 
identified  with  rooks  from  the  Midlands,  Wales,  the  Lake  District, 
or  Cornwall,  but  they  exactly  correspond  with  types  of  felstone 
which  occur  abundantly  in  Scotland. 

(3)  A  peculiar  quartz-felspar  grit.  This  rock  is  identical  with  the 
Torridon  Sandstone  of  Scotland,  and  certainly  does  not  occur  above 
ground  in  any  part  of  England  or  Wales. 

Next  as  regards  the  quartzites.  First  as  to  those  containing  fossils. 
These  pebbles  are  very  rare  and  different  from  the  ordinary  quartz- 
ites. They  certainly  are  not  unlike  those  of  Budleigh  Salterton, 
but  they  are  also  not  unlike  the  fossiliferous  '  quartzite '  of  the 
Lickey  range  (in  the  neighbourhood  of  which  they  seem  to  be  rather 
more  common).  So  that  the  evidence  of  these  counts  for  little  or 
nothing  in  the  teeth  of  that  mentioned  above.  Next  in  regard  to 
the  very  compact  hard  quartzites,  to  which  the  majority  of  the 
pebbles  may  be  referred  (though  vein-quartz — which  does  not  help 
us  much — is  also  abundant).  The  quartzite  of  these  pebbles  is  not 
that  of  the  Stiper  Stones,  the  Wrekin,  the  Lickey  or  Hartshill ;  it 
is  not  any  quartzite  known  to  me  as  occurring  in  England.  It  is 
exactly  like  the  quartzite  of  North- western  Scotland,  and  identical 
pebbles  occur  in  the  newer  Pala)ozoio  conglomerates  of  the  south- 
west of  Scotland,  the  sandy  matrix  of  which  is  often  exactly  like 
that  of  thie  Bunter. 

I  make  these  positive  statements  after  long  and  careful  aitudy  of 

1  Gbol.  Mao.  Dee.  IL  YoL  X.  (1883),  p.  199. 
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the  rooks  to  which  they  refer,  and  I  challenge  those  who  advocate 
a  Southern  or  a  Midland  origin  for  the  pebbles  to  point  to  localities 
within  any  probable  distance  where  these  rocks  can  be  identified 
in  situ. 

Advocates  of  the  former  view  must  rest  their  whole  case  on  the 
supposed  identity  of  a  few  pebbles  with  those  of  the  Budleigh 
Salterton  conglomerate,  and  draw  on  their  imagination  for  the  home 
of  more  than  99  per  cent,  of  the  materials.  Those  of  the  latter  must 
fly  for  refuge  to  hypothetical  rock- masses  concealed  from  sight 
beneath  newer  deposits.  They,  as  it  seems  to  me,  will  be  driven  to 
adopt  Mr.  Mallard  Beade's  hypothesis  of  a  marine  origin  for  the 
Banter,  because,  as  I  have  elsewhere  pointed  out,  the  rivers  in  this 
central  region  would  not  be  long  enough  or  powerful  enough  to 
round  the  pebbles.  To  them  no  doubt  Mr.  Mellard  Reade*s  hypothesis 
will  be  tempting ;  but  others,  like  myself,  will  wish  to  know  how 
it  can  be  aooommodated  to  known  facts  before  we  can  transfer  it 
from  the  poetry  to  the  prose  of  science. 


111. — Oh  Fhltctmnius,  a  New  Gknus  of  Coooosteibjb.* 

By  Dr.  R.  H.  Traquaik,  F.R.S.,  F.G.S. 

(PLATE  III.) 

IN  the  Geological  Magazine  for  last  month  (January)  I  proposed 
to  establish  the  genus  Phlyctofiiua  for  the  peculiar  Coccostean 
from  the  Lower  Devonian  beds  of  Campbelltown  in  Canada, 
named"  by  Whiteaves  Coceostens  Acadicua,  In  this  paper  I 
propose  describing  that  form  more  in  detail,  along  with  an  allied, 
though  at  the  same  time  very  strongly  marked  species  from  the 
Lower  Old  Red  Sandstone  of  Herefordshire,  to  which  on  that  occasion 
1  al80  referred. 

Mr.  Whiteaves   apparently  did  not  recognize  the  extent  of  the 

differences  between  this   species  and   the  true    Coccosteus   of    the 

j      Scottish  Old  Red ;  but  this  I  think  he  would  have  done,  had  he 

!      Bucoeeded  more  thoroughly  in  deciphering  the  arrangement  of  the 

{      plates  of  the  ci'anial  buckler.     As  it  is,  he  seems  almost  to  hesitate 

as  to  whether  it  is  specifically  distinct  from   Coccostem  cuspidatus 

of  Agassiz.     "In    some   respects,"   he   says,    "the   Campbelltown 

I      Coccosteus  very  closely  resembles  the  C  cuspidatus  of  Agassiz,  but 

I      in  others  there  are  such  marked  dififerences  between  the  two  forms 

that  it  is  thought  more  prudent,  for  the  present,  to  distinguish  the 

Canadian  species  by  a  local   name.'*     He  notices  the  similarity  in 

the  arrangement  of  its  "  superficial "  («.c.   sensory)  grooves,  with 

those  of  C.  deciptens,  Ag.,  and  finishes  by  saying :  "  It  would  seem, 

therefore,  that  C.  Acadicus  may  be  distinguished  from  C.  decipiens  by 

the  different  shape  6f  the  post-dorso-median  plate,  from  C,  cuspidatus 

j^y  the  different  arrangement  of  the  grooves  on  the  outer  surface  of 

Jts  cranial  shield,  and  from  both  by  the  peculiar  sculpture  of  its 

l>ony  plates."  ' 

*  Read  before  the  Royal  Physical  Society  of  Edinburgh,  15th  January,  1890. 
^  Tianii.  Boy.  Soc.  Can.  vol.  vl  sect.  iv.  1889,  p.  93. 
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It  is,  therefore,  evident  tbat  Mr.  Wbiteaves  was  nnaware  tbat  C. 
cuBpidatus  is  nothing  but  a  mere  synonym  of  C.  dedpiens,  and  that  he 
also  makes  no  allowance  for  the  fact  that  Hugh  Miller's  figure  on 
plate  iii.  of  the  <'01d  Bed  Sandstone,"  from  which  he  seems  to 
derive  his  information  as  to  the  characters  of  this  supposed  species, 
is  only  an  imperfect  restoration  of  C,  deeipiens  executed  at  a 
time  when  our  information  in  such  matters  was  still  rather  un- 
developed. 

The  cranial  shield  of  Phlyct€eniu»  Aeadieua  (PL  TIL  Fig.  1-2) 
must  have  been  considerably  vaulted  from  side  to  side,  as  the 
specimens,  now  much  flattened,  not  unfreqnently  present  irregular 
longitudinal  fractures.  The  form  is  broadly  ovate,  truncated  behind 
with  prominent  postero-lateral  angles  (P.L.).  In  front  of  the 
postero- lateral  angle  the  margin  passes  obliquely  outwards  and 
forwards  for  a  short  distance,  and  then  forms  another  obtuse  angle, 
the  poatero-extemal  (P.E.),  succeeded  by  a  shallow  notch,  in  front 
of  which  is  the  antero-external  angle  (A.E.).  Immediately  after 
this  the  direction  of  the  margin  is  forwards  and  slightly  inwards  to 
what  may  be  called  the  post-orbital  angle  (P.O.),  whence  proceeding 
more  strongly  inwards,  it  forms  a  slightly  excavated  edge,  evidently 
equal  to  the  orbital  excavation  of  the  shield  of  Coccosteus,  and 
bounded  in  front  by  the  ante-orbital  angle  (A.O.).  Between  the 
ante-orbital  angles  of  opposite  sides,  the  margin  of  the  shield  is 
completed  in  front  by  a  shallow  concavity  occupied  in  the  perfect 
state  by  the  "  rostral  *'  plate  as  shown  by  Mr.  Whiteaves. 

Leaving  the  sensory  groove  system  out  of  consideration  for  the 
present,  it  is  first  to  be  noticed  that  the  determination  of  the  con- 
stituent plates  of  the  buckler  is  a  matter  of  extreme  difficulty,  from 
the  fact  that  they  are  apparently  all  fused  or  anchylosed  together  in 
the  manner  in  which  those  of  the  shield  of  FteraspiB  are  in  the 
adult  form  supposed  to  be.  Mr.  Whiteaves  has  noticed  the  frequent 
arrangement  of  the  tubercles  in  concentric  rows,  and  this  arrange- 
ment, much  more  marked  in  some  shields  than  in  others,  along 
with  the  lines  seen  to  radiate  from  the  ossific  centres  in  abraded 
specimens,  first  led  me  to  suspect  that  the  form  and  arrangement 
of  the  cranial  plates  difiered  in  some  material  points  from  what  is 
given  in  Mr.  Whiteaves'  sketch."  Close  observation  by  means  of 
a  good  lens  enables  one,  however,  also  to  observe  the  original  lines 
of  suture,  due  care  being  taken  not  to  be  deceived  by  fractures. 
Though  the  direction  of  these  sutures  is  often  indicated  by  depressed 
lines  or  slight  grooves  free  from  the  tubercular  ornament,  yet  the 
actual  suture  is  not  incised^  but  slightly  raised  like  a  very  fine 
thread,  this  being  due  to  the  manner  in  which  the  original  lines  of 
separation  between  the  bones  have  become  entirely  filled  up  by 
osseous  matter. 

The  results  obtained  by  noting  these  lines  in  connection  with  the 
concentric  arrangement  of  the  rows  of  tubercles  being  in  all  essential 
respects  the  same  in  all  the  specimens  (six)  which  I  have  examined, 
and  being  furthermore  in  complete  accordance  with  the  information 

^  Op.  cit,  p.  98,  woodcut. 
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leriyed  from  the  lines  radiating  from  the  osBifio  centres  in  a 
pecimen  with  the  surface  rubbed  off,  there  can  be  no  doubt  that 
he  true  form  and  arrangement  of  the  constituent  plates  of  the 
ihield  has  been  arrived  at.  The  pattern  in  two  shields  has  been 
represented  in  outline  in  PI.  III.  Figs.  1  and  2,  and  if  the  reader 
will  compare  these  figures  with  that  which  I  have  already  given  of 
the  cranial  shield  of  Coecoateus,^  the  fundamental  agreement  as  well 
as  the  essential  difference  between  the  two  will  at  once  be  perceived. 

The  median  occipital  plate  (m.o,)  is  more  or  less  five-sided, 
elongate,  truncated  behind,  pointed  in  front,  where  it  is  wedged  in 
between  the  hinder  thirds  of  the  two  centrals.  Its  ossific  centre  is 
near  the  posterior  margin,  and  is  marked  by  a  prominent  elevation 
of  the  surface.  On  each  side  qf  the  median  occipital  is  placed  the 
external  occipital  (e.o.),  which,  although  differently  shaped  from  that 
in  Coceosleua,  forms,  as  in  that  genus,  the  postero-extemal  angle 
(P.£.)  of  the  shield.  In  front  of  these  three  occipital  plates,  and 
occupying  a  position  in  the  middle  of  the  shield  rather  nearer  the 
front  than  the  back,  are  the  two  central  plates  («.),  whose  difference 
of  form  from  those  of  Cocco$teu8  is  equally  striking,  as  is  the  case  of 
the  median  occipital.  They  are  more  or  less  of  an  ovate-oblong, 
approximating  to  an  elongated  hexagonal  form,  articulating  in  the 
Diiddle  line  with  each  other  and  round  about  with  all  the  other 
plates  of  the  shield  except  the  rostral  or  anterior  ethmoidal.  The 
^rginal  plate  (m.)  is  situated  on  the  outer  side  of  the  central  in 
front  of  the  lateral  occipital,  and  forms  the  antero-external  angle 
of  the  shield  (A.E.) ;  in  front  of  it  is  the  post-orbital  (p/.o.),  which 
forms  the  post-orbital  angle  (P.O.),  and  the  posterior  part  of  the 
orbital  margin.  The  front  of  the  shield  is  now  filled  in  by  the 
pre-orbital  plates  (P.O.)  which  meet  in  the  middle  line,  form  the 
ante-orbital  angle,  part  of  the  orbital  margin  on  each  side,  as  well 
as  the  anterior  median  shallow  excavation,  in  which  the  plate  lamed 
** rostral"  by  Whiteaves  fits.  Tliis  rostral  plate  is  not  present  in 
any  of  the  specimens  in  the  Edinburgh  Museum,  but  its  form  and 
position  in  the  specimen  figured  by  Whiteavies,*  render  it  evident 
that  it  corresponds  with  the  anterior  ethmoid  in  Coccosteua, 

Some  amount  of  variation  is  observable  in  the  form  of  these 
shields  as  well  as  of  their  component  plates.  Fig.  2  represents  the 
configuration  of  a  specimen  which  is  proportionally  shorter  and 
broader  than  usual,  and  in  which  also  the  median  occipital  plate 
advances  further  forwards  between  the  centrals,  which  are  more 
irregular  in  shape,  and  have  their  long  axes  divergent  backwards. 

The  arrangement  of  the  lateral  line  system  corresponds  in  the 
ttain  with  that  in  CoccosteuB,  The  lateral  groove  commences  on 
^'h  8ide  in  the  external  occipital  plate  near  the  postero-lateral  angle 
of  the  shield.  Running  forwards  and  slightly  outwards,  it  passes  on 
to  the  marginal  plate,  where  it  gives  off  a  branch  backwards  and 
ontwards  to  the  edge  of  the  shield  just  behind  the  postero-external 
*^gle.  The  main  groove  then  turns  forwards  and  slightly  inwards 
at  an  obtuse  angle,  and  on  passing  on  to  the  post-orbital  turns  on  the 

1  Geol.  Mao.  Dec.  III.  Vol.  VI.  PI.  I.  Fig.  2, 
»  Qp.  eit.  pL  ix.  &g.  J, 
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middle  of  that  bone  acutely  backwards  and  inwards,  ending  on  or 
near  the  centre  of  ossification  of  the  central  plate.  Just  at  tlie 
point  where  the  backward  turn  commences,  a  short  branch  u  givm 
off  which  ends  in  the  post-orbital  angle  or  prominence. 

Mr.  Whiteaves  represents  the  main  groove  as  again  continued  fo^ 
wards  at  an  acute  angle  so  as  to  end  at  the  front  of  the  shield  near 
the  ante-orbital  prominence.  Judging  from  analogy  with  CoeeoUeut, 
one  might  expect  it  to  do  so,  but  this  continuation  is  not  exhibited 
in  any  of  the  specimens  which  I  have  examined. 

Associated  in  the  same  deposit  with  the  cranial  shields  are  found 
various  other  isolated  plates,  which  from  their  sculpture  probablj 
belong  to  the  same  fish.  Of  these  the  only  one  which  seems  to  be 
clearly  identifiable  is  the  median  dorsal  plate  (Whiteaves,  op.  dt 
pi.  ix.  fig.  2).  The  plate  which  he  has  figured  as  ''  left  pre-ventro- 
lateral*'  (ih.  fig.  3),  if  it  is  so,  must  belong  to  the  right  side  of  the 
body,  but  his  *'  ventro-median  (?)  "  cannot  be  referable  to  a  medien 
position  as  it  is  unsymmetrical.  The  Edinburgh  Museum  potsesset 
a  number  of  such  detached  plates  of  difi^erent  forms,  but  I  am  cer* 
tainly  not  prepared  to  speculate  at  present  as  to  their  position  on 
the  body  cuirass.  One  thing  is  at  least  evident,  namely,  that  if 
those  plates  really  belong  to  Phlyctanius,  their  difference  of  form 
from  those  of  Coccosteua  certainly  gives  additional  emphasis  to 
the  distinctness  of  the  genus.  No  trace  of  the  maxilliB  or  mandiblei 
of  Ph.  AcadicuB  has,  so  far  as  I  am  aware,  been  yet  discovered. 

Phlyctanius  Anglicus,  sp.  nov. 

A  good  many  years  ago  a  small  lot  of  fossils  from  Herefordshire 
was  purchased  from  a  London  dealer  for  the  Edinburgh  Museam, 
and  among  them  I  found  a  small  cranial  shield,  which,  being 
obviously  referable  neither  to  Cephalaapis,  nor  to  Pteraspia,  nor  to 
Scaphaspisj  was  rather  puzzling  in  its  appearance.  Being,  however, 
at  the  time  specially  engaged  with  other  subjects,  this  shield,  from 
Cradley,  lay  rather  neglected,  till  one  day  I  bethought  me  of  it  when 
examining  our  collection  of  fish  remains  from  the  Devonian  rocks  of 
Canada,  and  I  was  then  greatly  interested  to  find  that  the  English 
fossil  was  in  reality  a  Coccostean,  and  a  Coccostean  not  of  the  type 
of  Coccosteus  decipiens,  but  of  Phlyctaniu8  Acadicujs.  This  is  of 
special  geological  interest,  seeing  that  both  in  England  and  Canada 
this  type  is  associated  in  the  same  beds  with  Cephalaspis,  whereae 
not  a  trace  of  any  Cephalaspidean  has  ever  occurred  in  those  northern 
Old  lied  Sandstone  de|>08its  (Orkney,  Caithness,  and  Moray  Frith) 
in  which  the  typical  Coccosteus  is  abundant  Nor  does  Coccoateu 
occur  in  Forfarshire,  where  Cephahapis  is  characteristic 

At  the  time  I  made  this  discovery  no  one  seemed  to  know  of  the 
existence  of  a  Coccostean  in  the  Cradley  beds,  though  indeed  a  pieoe 
of  the  shield  of  this  very  species  is  figured  by  Lankester  in  bis 
Monograph  of  the  Cephalaspidsa  (pi.  viii.  fig.  4)  as  a  '^  fragment  of 
doubtful  character"  in  connection  with  Zenaapia  Salweyi.^     How- 

>  Mr.  Wm.  Davies  seems  to  have  believed  in  the  occurrence  of  '*Placodermi*'  in 
the  Herefordshire  beds,  as  he  labelled  some  fragments  in  the  British  MoseoiA 
"  PUriekikps,**    They  do  not,  however,  belong  to  tiiat  genos. 
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ever,  a  short  time  after  oommnnicating  with  Mr.  Smith  Wood- 
ward on  the  Bubjeot,  I  received  a  letter  from  that  gentleman 
informing  me  that  be  had  sinoe  diBoovered,  in  the  stores  of  the  British 
Museum,  quite  a  number  of  specimens  apparently  identical  with 
that  to  which  I  had  referred.  He  also  kindly  forwarded  to  me  a 
plaster  oast  of  one  of  them,  as  well  as  outlines  in  pencil  of  two 
others. 

In  PI.  IIL  Fig.  3, 1  have  given  a  sketch  of  the  specimen  in  the 
Edinburgh  Museum.  It  measures  If  inches  in  length,  and  in  general 
form  resembles  the  cranial  shield  of  P.  Acadiem^  except  that  at  the 
back  it  is  moi^  produced  outwards,  as  in  CoccosteHS,  the  postero-  and 
antero-extemal  angles  being  confluent  into  one  of  considerably  greater 
prominence.  In  front  we  have  the  same  more  anterior  direction  of 
the  orbital  excavations,  bounded  by  the  post-orbital  and  ante-orbital 
prominences,  and  between  the  latter  (of  each  side)  we  have  a  similar 
gentle  ooncavity  for  the  rostral  or  ethmoidal  plate. 

It  is  the  internal  or  concave  aspect  of  the  shield  which  is  here 
exhibited,  and  it  is  extremely  difficult  to  recognize  any  sutures 
except  that  separating  off  the  median  occipital,  which  shows  distinctly 
enough  that  this  plate  had  the  same  elongated  pointed  form  as  in 
the  Canadian  species.  The  bone  being  considerably  splintered  away, 
especially  on  the  right  side,  some  of  the  external  markings  are  seen 
in  impression,  showing  that  the  surface  was  sculptured  with  tubercles 
of  a  comparatively  large  size.  The  course  of  the  lateral-line  groove 
may  be  distinctly  enough  seen,  its  disposition  being  quite  similar 
to  that  in  F,  Acadieus, — the  main  groove,  starting  in  the  external 
occipital,  passing  obliquely  forwards  and  inwards  to  the  ossific  centre 
of  the  plate,  then  proceeding  forwards  and  slightly  outwards  for  a 
little  distance,  and  sending  a  branch  obliquely  backwards  and  out- 
wards to  the  external  angle  of  the  shield,  after  which  it  proceeds 
forwards  and  slightly  inwards  to  behind  the  postero-orbital  angle. 
There,  a  ridge  on  the  inner  surface  of  the  shield  indicates  that  it 
turns  at  an  acute  angle  backwards  and  inwards  to  the  middle  of  the 
central  plate  in  a  manner  quite  similar  to  that  already  seen  in 
P.  Aeadicus, 

Figure  4  is  a  diagram -sketch  of  the  plaster  cast  sent  me  by 
Mr.  Smith  Woodward,  taken  from  a  specimen  which  clearlv 
belongs  to  the  same  species,  and  which  shows  many  points  with 
greater  clearness  than  that  belonging  to  the  Edinl>urgh  Museum, 
the  outer  surface  being  here  displayed.  It  measures  two  inches  in 
length  by  two  in  breadth,  but  has  a  piece  broken  off  at  the  posterior 
part  of  the  left  side,  while  on  the  right  it  looks  as  if  the  prominent 
external  angle  were  covered  by  the  matrix.  The  surface  is  covered 
by  a  coarse  pustular  tuberculation,  omitted  in  the  figure,  showing 
at  places  a  little,  but  not  much,  of  the  concentric  arrangement ; 
the  course  of  the  lateral-line  grooves  is  clearly  discernible,  while 
the  form  and  arrangement  of  the  constituent  bones  may  be 
pretty  fairly  marie  out,  both  by  actual  indications  of  sutures 
as  well  as  by  radiating  lines  where  the  surface  has  been  abraded. 
It  is  clear  also,  from  both  specimens,  that  these  bones  were  c\u\tA 
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fused  or  anohylosed  together,  and  in  the  oast  now  nnder  deacrip- 
tioQ  the  Butures  are  sometimes  indicated  by  delicate  raised 
lines  as  in  Fh,  Aeadicus.  I  have  indicated  in  the  sketch  the 
course  of  the  divisions  between  the  plates,  naturally  in  a  somewhat 
exaggerated  manner,  as  the  lines  themselves  are  only  visible  by  a 
lens  and  often  cannot  be  followed  at  alL  But  from  what  is  seen  it 
is  quite  clear  that  the  plates  were  quite  similar  in  general  form  and 
arrangement  to  those  in  P,  Acadieus,  and  especially  to  those  in  tha 
s})ecimen  represented  in  Fig.  2,  the  median  occipital  extending  ftr 
fo wards  and  the  centrals  being  rather  truncated  in  front. 

One  of  the  pencil  outlines  sent  to  me  by  Mr.  Smith  Woodward 
shows  apparently  the  rostral  or  ethmoidal  plate  in  situ,  thus  com- 
pleting the  generic  resemblance  between  the  Canadian  and  EDgliah 
species. 

We  may  therefore  sum  up  the  results  of  the  preceding  investigi- 
tions  as  follows : — 

Genus  PhlyctaniuB,  Traquair.  Cranial  shield  more  ovate  than 
in  Coccosteus :  constituent  plates  anchylosed,  except  the  ethmoidal; 
median  occipital  elongated,  pointed  in  front  and  wedged  in  between 
the  posterior  ends  of  the  oblong  or  ovate  central  plates ;  orbital 
excavation  looking  more  anteriorly  than  in  Coccosteus ;  course  of 
main  lateral-line  groove  nearly  straight  from  the  external  occipital 
to  the  postorbital,  where  it  is  very  acutely  bent  backwards.  Platei 
of  body-cuirass  imperfectly  known. 

1.  P.  AcadicuSt  Whiteaves  sp.     External  angle  of  cranial 
divided  by  a   shallow   notch   into   two,  the  postero-   and  antero- 
extemal  angles;    surface   ornamented  by   fine   tubercles,  in  moat 
specimens  showing  a  concentric  arrangement  parallel  to  the  margin 
of  the  constituent  plates.     Lower  Devonian,  Canada. 

2.  P,  AnglicuB,  Traquair.  Postero-  and  antero-extemal  anglea 
confluent,  surface  covered  by  a  coarse  pustulation.  Comstoneai 
Herefordshire. 

In  conclusion  my  most  hearty  thanks  are  due  to  Mr.  Smith 
Woodward  for  the  information  he  has  afforded  me  regarding  the 
Herefordshire  specimens  in  the  British  Museum,  and  to  Dr.  Wood- 
ward, F.R.S.,  for  permission  to  make  use  of  the  plaster  cast  taken 
from  one  of  these  specimens.  *  ] 

EXPLANATION    OF  PLATE  III. 
In  all  the  figures  the  same  letters  refer  to  the  same  things. 

P.L.  postero-Iateral  angle.  P.£.  postero-eztemal  angle.  A.£.  antero-extemal  tnglt> 

P.O.  postorbital  angle.     A.O.  ante-orbital  angle,    m.o,  median  occipital.    ^^ 

external  occipital,      e.  central,     m.  marginai.     pi.o.  post>orbital.     p.o,  pre- 

orbital.     e.  ethmoidal. 
Fio.  1. — Restored  outline  showing  the  arrangement  of  the  plates  and  latend-lin^ 

grooTes  in  the  cranial  shield  of  Fh.  AeadtettSy  Whiteaves  sp. 
Fig.  2.— The  same  in  another  specimen,  lateral  margins  of  the  shield  restored  in 

dotted  outline. 
Fio.  3.—  Sketch  of  a  specimen  of  the  cranial  shield  of  Fh,  Anglieui^  Traquair,  from 

a  specimen  in  the  Edinburgh  Museum. 
Fio.  4.— Sketch  of  a  plaster  cast  of  another  specimen,  contained  in  the  Biiti^ 

Museum,  the  surface  ornament  being  omitted. 
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Os  A  NsW  LOOALITT  FOR  THE  ArCTIO   FaUNA   OF    THX    '' BaSB- 

MKMT  "  Boulder  Clay  in  Yorkshire.^ 
Bj  G.  W.  Lajiplttoh. 

Introduction. 

iING  the  course  of  a  Bystematic  investigation  of  the  drifts  of 
Plamborough  Head,  I  have  somewhat  unexpectedly  come  across 
inent  of  marine  Arqtic  heds  enclosed  in  Boulder-clay,  similar 
66  which  form  the  well-known  fossiliferous  deposits  of  Brid- 
a  and  Dimlington ; '  and  as  this  occurs  under  very  different 
ions  from  those  already  described,  it  adds  materially  to  our 
edge  of  the  heds,  and  illastrates  more  clearly  their  origin. 
»  newly -discovered  bed  lies  in  the  face  of  the  cli£f  on  the  east 
f  a  shallow  recess  in  the  southern  coast-line  of  Flamborough 
known  as  **  South  Sea  Landing."  This  place  is  within  half 
I  of  the  village  of  Flamborough,  and  is  about  four  miles  north- 
>f  Bridlington,  the  latter  being  the  nearest  previously  known 
y  for  the  beds. 

)  chalk  on  both  sides  of  this  recess  forms  vertical  cliffs  below 
ifts,  varying  from  60  to  80  or  more  feet  in  height;  but  here, 
^  been  excavated  in  pre-61acial  or  early  Glacial  times,  it  sinks 
Dly  to  the  sea-level. 

)  hollow  thus  formed  has  a  breadth  of  about  300  yards,  and  is 
ed  on  the  west  side  by  an  abrupt  cliff  of  chalk.  On  the  east 
he  surface  of  the  chalk  shows  a  more  gradual  incline,  but 
9ve  that  this  is  a  deceptive  appearance  due  to  the  line  of  section 
Qg  at  a  very  low  angle  to  the  scarp,  and  cutting  it  very 
lely,  since  a  close  examination  of  the  drifts  shows  that  they  are 
d  against  a  very  steep  slope. 

the  west  side,  the  old  valley-floor,  standing  two  or  three  feet 
high-water  mark,  extends  from  the  cliff  of  chalk  for  60  or  70 
in  a  very  gently  sloping  terrace  which  is  strongly  suggestive 
tidal  flat,  but  toward  the  eastern  boundary  of  the  hollow  the 
floor  sinks  below  beach-level. 

s  old  hollow  has  been  entirely  filled  in  by  drift  deposits  in 
il  times,  but  since  that  time  a  puny  stream  of  surface  water, 
drains  to  the  beach,  has  cut  a  narrow  V-shaped  ravine  through 
idst  of  the  drifts.  ITie  sea  has  also  eaten  back  further  into  the 
line  than  where  the  chalk  stands  higher,  and  has  thus  formed 
ttle  recess  of  the  South  Sea  Landing  in  whose  nearly  vertical 
from  100  to  125  feet  in  height,  most  excellent  sections  of  this 
IB  infilling  material  are  revealed.^ 

ad  »t  the  Brit.  Assoc.  Newcastle,  before  Section  C  (Geology),  Sept.  1889. 
r  description   of  the  Bridlington  and  Dimlington  beds  see  Clement  Reid's 
Memoir  on  Holderness,  pp.  8-26,  and  my  papers  in  Gbol.  Mao.  Dec.  II. 
III.  pp.  635-546,  1881  ;   and  Q.J.G.S.  vol.  xl.  p.  312,  1884. 


me,  Q  J.G.S.  vol.  xxiv.  p.  180  ;  and  J.  K.  Dakyns,  Proc.  Yorks.  Geol.  and 
Joe.  vol.  vii.  p.  249  (1880). 
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I  do  not  propose  in  this  paper  to  enter  into  the  intrioaoies  of  tbii 
section  further  than  is  necessary  to  explain  the  relations  of  the  shelly 
sand,  leaving  for  some  future  occasion  the  discussion  of  the  drifts  y 
a  whole.  The  accompanying  section  (Fig.  1),  as  seen  in  the  cliff  os 
the  east  side  of  the  recess,  will  give  some  idea  of  the  character  and 
complexity  of  these  deposits ;  and  a  few  words  of  description  will 
also  be  necessary.  Between  this  and  the  opposite  side  of  the  hollow 
there  are,  however,  considerable  differences,  the  west  side  showing 
a  much  greater  development  of  Boulder-day,  and  a  corresponding 
diminution  in  the  thickness  of  the  stratified  beds  which  there  lia 
tolerably  evenly,  and  chiefly  below  the  mass  of  the  clay.    (See  Fig.  I.) 

The  Section, 

The  chalk-rubble  (1)  which  rests  on  the  chalk  in  this  sectkm 
differs  only  slightly  from  that  which  forms  the  basid  of  the  drifh 
nearly  everywhere  on  the  headland,  but  is  of  unusual  thickness,  and 
is  distinguished  by  the  presence  of  well-marked  bedding-planes.  Iti 
thickness  in  the  middle  of  the  valley  may,  however,  be  more  apparent 
than  real,  as  I  think  it  very  probable,  as  suggested  above,  that  we 
may  be  looking  towards  a  hidden  wall,  or  very  steep  slope,  of  tlie 
solid  rook  against  which  this  rubble  is  banked. 

The  curving  and  steeply-sloping  planes  of  stratification  of  thii 
deposit  look  like  cross-bedding,  but  are  not  of  the  normal  oharacteL 
Instead  of  sloping  parallel  to  one  another  as  in  ordinary  croai- 
bedding,  most  of  the  bedding  planes  converge  downward,  in  sweeping 
curves,  upon  one  horizon.  This  appearance,  again,  may  possibly  be 
due  to  the  obliquity  of  the  section. 

The  manner  in  which,  on  the  west  side  of  our  section,  the  upper 
part  of  this  rubble  ends  up  against  Boulder-clay,  and  on  the  east 
passes  into  it,  shows  that  the  rubble  must  in  some  degree  have  been 
formed  contemporaneously  with  the  clay.  The  occasional  presence 
in  it,  also,  of  erratic  blocks  of  large  size,  and  the  broken  character 
of  the  chalk  surface  below  it,  point  to  a  glacial  origin;  but  its 
bedding  and  its  connection  with  thick  masses  of  sand  and  silt  {Ih) 
between  B  and  A,  show  that  it  can  scarcely  be  considered  as  troe 
bottom-moraine. 

I  may  briefly  state  that  I  think  it  has  probably  accumnlated  in 
the  hollow  between  the  glacier  and  the  old  cliff  before  the  advancing 
ice  had  yet  over-ridden  the  chalk ;  but  to  show  clearly  how  this  may 
have  taken  place  would  need  a  longer  disquisition  on  the  general 
character  of  the  drifts  than  I  propose  now  to  make. 

The  lowest  Boulder-clay  (2)  is  seen  as  a  tolerably  solid  mass  on 
the  south-east  side  of  our  section  (Fig.  1),  and  it  is  even  better 
developed  on  the  headland  immediately  to  the  eastward.  But  if  it 
be  traced  in  either  direction,  it  loses  its  massive  character  and  shows 
a  disposition  to  include  irregular  and  contorted  threads,  veins  or 
patches  of  stratified  beds  (2a).  These  stratified  beds  consist  of  sand, 
silt,  gravel,  clay,  or  even  occasionally,  though  not  in  the  immediate 
vicinity  of  this  section,  of  transported  Secondaries.  These  inclnsione 
ue  of  all  shapes  and  sizes,  and  it  is  often  difficult  to  define  their 
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idaries  in  the  olay.  Though  the  Bonlder-olay  itself  generally 
aioB  many  shell-fragments,  the  inclnsions  are  as  a  rule  unfossili- 
us;  it  is  an  exception  to  this  rule  (26)  which  it  is  the  proper 
ict  of  this  pMiper  to  desorihe. 

'o  finish  my  description  of  the  section,  the  ahove-mentioned 
Ider^clay  generally  rests  directly  on  the  chalk-rubhie,  as  shown 
he  right  in  my  section  ;  bat  towards  the  centre  of  the  South  Sea 
ding  its  base  rises  higher  so  as  to  admit  the  intervention  of  thick 
ly  and  silty  beds  (16)  that  seem  at  first  to  be  interbedded  with 
rabble.  The  Boulder-clay  thins  out  over  these,  till  it  finally 
ppears,  and  the  stratified  beds  above  and  below  it  then  come 
'ther  for  a  short  space  as  shown  at  0. 

his    thinning   out  evidently   takes  place  in    a    north-easterly 
ction,  as  is  shown  by  the  reappearance  of  the  clay  after  we  turn 
angle  of  the  bay  at  C 
hove  the*  shelly  Boulder-clay  lies  a  thoroughly-washed  gravel 

with  regular  bedding  well  brought  out  by  sandy  seams. 
liffers  from  ttie  lower  stratified  beds  in  containing  a  very 
h  larger  proportion  of  foreign  pebbles,  some  of  them  of  large 
;  and  indeed  in  many  places  it  includes  scarcely  any  chalk.  Its 
kness  varies  considerably,  changing  even  within  the  limits  of  my 
ion  from  2  to  12  feet,  while  half  a  mile  away  on  the  opposite 
of  the  Landing,  at  Beacon  Hill,  the  cliff  section  cuts  across  a 
nd  of  sand  and  gravel  about  80  feet  thick,  which  I  believe  to  be 
xaggerated  local  development  of  this  same  gravel, 
bell- fragments,  small  and  well-rounded,  may  be  detected  in  it, 
I  look  upon  these  as  being  as  much  "pebbles"  as  are  the 
ments  of  Liassic  and  other  fossils  which  it  also  contains.  It  is 
ently  a  re-assortment  of  the  Boulder-clay  material,  either  derived 
1  the  denudation  of  the  clay,  or,  more  directly,  from  the  laving  of 
ice  which  carried  and  formed  that  bed. 
apping  the  section  we  have  a  thick  mass  of  brownish  Boulder- 

(4),  much  more  homogeneous  in  character  than  the  lower  bed. 
<  thickness  of  this  clay  is  about  25  feet,  but  in  one  or  two  places 
ind  of  pebbles  (4a)  occurs  6  or  7  feet  from  the  top  of  the  cliflF, 
oh  may  indicate  a  line  of  division. 

his  upper  clay  is  perhaps  on  the  whole  the  most  constant  factor 
the  Glacial  series  of  Flamborough  Head,  though  it  thins  away 
disappears  in  one  or  two  places,  as  over  the  flanks  of  the  above- 
itioned  great  sand  and  gravel-mound  at  Beacon  Hill. 

The  Shell-bed. 

will  now  revert  to  the  mode  of  occurrence  of  the  shell-bed. 
)  chief  portion  of  the  fossiliferous  deposit  takes  the  form  of  an 
gnlar  lenticular  seam  of  greenish-yellow  sand,  about  24  feet  long 

at  its  thickest  part  not  more  than  four  inches  thick.  This  bed 
uriously  crumpled  and  twisted  among  the  surrounding  clay,  and 
Mther  extremity  it  is  drawn  out  into  a  mere  contorted  thread. 
Tie  accompaning  figure  (Fig.  2),  in  which  a  part  of  the  section 
wn  in  Fig.  1  is  enlarged^  is  intended  to  bring  out  theae  iealwt^^. 
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As  shown  above,  other  irregular  beady  streaks  of  similar  sand 
occur  both  above  and  below  the  main  seam,  but  these  are  quite  of 
minor  consequence,  and,  when  traced,  are  found  to  fall  into  die 
larger  bed. 

Surrounding  these  sandy  seams  there  is  a  variable  thickness,  from 
15  to  40  inches,  of  tenacious  blue  or  greyish  day  which  differs  in 
many  respects  from  the  Boulder-clay  which  borders  it.  It  carriei 
very  few  pebbles,  and,  though  full  of  shearing-planes,  shows  distinct 
traces  of  stratification  and  lamination,  and  is  altogether  dearly  an 
aqueous  deposit 

Similar  clays  are  also  found  at  Bridlington  and  Dimlington  asso- 
ciated with  the  scmdy  shell -beds,  and  sometimes  themselves  bear 
shells.  These  I  regard  as  glacial  muds  formed  on  the  same  seap 
bottom  as  the  shelly  sand,  and  probably  in  sequence  with  it,  which 
have  been  removed  and  carried  forward  along  with  the  sand.  In 
former  cases  I  thought  the  clay  had  been  deposited  before  the  sand,' 
but  in  this  instance  the  beds  have  been  rolled  over  and  folded 
upon  themselves,  and  it  is  impossible  to  make  out  their  original 
arrangement 

Besides  shells,  the  sand  contains  a  few  small,  well-worn  pebblei, 
not  generally  larger  than  beans,  and  these  are  not  chalk  or  flint, 
but  usually  of  a  dark,  dose-grained  igneous  rock,  or  otherwise  of 
yellow  quartz,  though  many  other  varieties  are  present  The  sand 
itself  is  chiefly  made  up  of  rather  coarse  quartz-grains,  and 
altogetlier  the  bed  is  not  of  such  a  nature  as  would  be  likely  to 
form  on  a  floor  of  chalk. 

A  neighbouring  streak,  containing  many  crushed  shells,  consists 
almost  altogether  of  these  small  dark  pebbles,  with  but  little  sand. 
The  state  of  preservation  of  the  shells  deserves  especial  attention, 
as  there  is  in  this  case  such  unmistakable  proof  that  the  bed  has 
been  transported  bodily,  and  has  undergone  a  considerable  amount 
of  shearing  during  the  process. 

In  the  minor  streaks  the  shells  are  always  reduced  to  fragments, 
and  in  the  main  seam  also  the  majority  are  broken,  though  not  so 
shattered. 

In  this  seam,  however,  a  small  proportion  occur  in  perfect  con- 
dition, the  bivalves  even  in  some  oases  having  their  valves  united. 
I  obtained  many  specimens  of  Asiarie  compreaaa,  which  is  the 
Commonest  fossil  of  the  bed,  in  this  condition,  and  also  of  A$taHe 
horealis,  some  fine  examples  of  the  latter  measuring  over  an  inch 
across  the  valves. 

When  the  shells  are  broken,  the  fragments  occasionally  still  lie 
close  together,  though  oftener  they  have  been  trailed  apart  during 
the  shearing  of  the  bed.  As  showing  the  effect  of  this  shearing,  it 
is  most  interesting  to  find  instances  in  which  the  two  valves  of  an 
Astarte  have  been  displaced  or  separated  without  fracture,  thus  dearly 
proving  a  differential  motion.  These  specimens  also  illustrate  a 
curious  feature  noticeable  in  the  Boulder-clay,  wherein  detached  valves 
of  various  species  may  be  found  retaining  a  small  pinch  of  sand  under 

1  Q.J.G.S.  Tol.  zl.  p.  317. 
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^he  nmbo,  even  when  the  Boulder-olay  shows  no  other  sign  of  the 
lemolition  of  sand-beds.  Until  now  I  have  found  it  difficult  to  under- 
itand  the  preservation  of  sand  in  suoh  a  position,  but  this  difficulty  has 
been  cleared  away  by  specimens  which  I  have  collected  from  the  edges 
)f  the  deposit  under  consideration.  These  show  how  one  valve  lying 
near  the  borders  of  a  sandy  seam  may  be  driven  forward  into  the 
slay  by  a  lateral  squeeze  or  push,  carrying  with  it  the  sand  which 
lay  sheltered  nnder  its  edges,  while  uie  other  valve  may  remain 
imbedded  in  the  sand.  And  when  once  a  valve  is  th*is  incorporated 
with  the  clay,  the  sand  under  the  umbo  is  effectively  plugged  in  by 
the  olay,  and  it  is  easy  to  understand  how  it  may  remain  there  if 
the  shell  remain  intact,  notwithstanding  any  further  motion  the  mass 
of  the  olay  may  undergo. 

Thus,  I  collected  unbroken  specimens  of  Asiarte  eompressa  often 
where  the  sand  seam  was  so  thin  that  both  valves  were  nearly  touching 
the  clay,  in  which,  though  the  valves  remained  in  contact,  they  were 
twisted  about  so  that  the  uinbos  did  not  coincide ;  others  in  which  one 
valve  had  been  pushed  forward  so  as  to  touch  the  other  at  one  point 
only ;  and  others  again  in  which  the  valves  were  quite  separated ; 
and  in  more  than  one  case  one  valve  with  its  contained  sand  had 
been  so  far  displaced  as  to  lie  in  clay. 

It  is  somewhat  curious  to  note  that  in  the  main  seam  the  shells 
had  suffered  most  where  the  sand  was  thickest,  and  that  unbroken 
specimens  were  more  common  toward  the  extremities,  where  the 
seam  was  tapering  out,  than  in  the  centre. 

The  following  is  a  list  of  the  species  I  have  obtained  from  the 
bed.  All  these  species  occur  also  both  at  Bridlington  and  at  Dim- 
lington.  The  list  is  small  as  compared  with  the  list  of  over  100 
species  from  the  former  place ;  but  this  we  might  expect  from  the 
very  limited  nature  of  the  seam,  which  can  only  represent  one  small 
portion  of  the  sea-bottom,  whereas  at  Bridlington  not  only  were  the 
patches  of  larger  size,  but  they  also  showed  great  diversity  and  had 
evidently  been  brought  together  from  different  areas. 

List  of  SpeeieB  found  at  South  Sea  Landing. 


c  Perien  ialandietu,  Miiller. 

MytiluM  modiolus  ?  L. 

Leda  [limatula,  SayP). 

Cardium  groenlandieumy  Ch. 
c  Cffprina  islandicay  L. 
c  Aitarte  bortalisj  Ch.,  and  vara, 
c  •^—'  ifompres»a,  Mont. 

— ,  Tar.  itriata. 


Jft/a  truneata,  var.  uddevalUnsis . 
Saxieava  norvegiea,  Spengler. 

rupoaa,  L. 

C  Denfalimn  alriolatum,  Stimpaon. 
Turriteiia  erosa,  Couth. 
Natiea  ialandiea^  6m. 
Fusus  dtipeetuSf  L. 
Adniett  viridnla^  Fabr. 
Balanut  {erenaitu?)  Bmg. 


tuleata.  Da  Costa. 

Mya  truncataf  L. 

c  indicates  that  the  shell  is  plentifal. 

Almost  everywhere  on  the  headland  the  Basement  Boulder-clay 
contains  a  plentiful  sprinkling  of  broken  shells,  which,  along  with 
the  sea-worn  and  Pholas-hored  pebbles,  are  doubtless  derived 
from  the  complete  destruction  of  beds  such  as  these.  But  it  is 
worthy  of  note  that,  as  in  former  instances,  while  in  the  olay  Te((\ua 
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rived  from  the  lines  radiating  from  the  osBific  centres  in  a 
icimen  with  the  surface  rubbed  o£f,  there  can  be  no  doubt  that 
)  true  form  and  arrangement  of  the  constituent  plates  of  the 
eld  has  been  arrived  at.  The  pattern  in  two  shields  has  been 
)re8ented  in  outline  in  PI.  III.  Figs.  1  and  2,  and  if  the  reader 
U  compare  these  figures  with  that  which  I  have  already  given  of 
)  cranial  shield  of  Coccosteus,^  the  fundamental  agreement  as  well 
the  essential  difference  between  the  two  will  at  once  be  perceived. 
Phe  median  occipital  plate  {m.c)  is  more  or  less  five-sided, 
•ngate,  truncated  behind,  pointed  in  front,  where  it  is  wedged  in 
tween  the  hinder  thirds  of  the  two  centrals.  Its  ossific  centre  is 
%T  the  posterior  margin,  and  is  marked  by  a  prominent  elevation 
the  surface.  On  each  side  qf  the  median  occipital  is  placed  the 
'^mal  occipital  («.o.),  which,  although  differently  shaped  from  that 
Coccosteua,  forms,  as  in  that  genus,  the  postero-external  angle 
.£.)  of  the  shield.  In  front  of  these  three  occipital  plates,  and 
mpying  a  position  in  the  middle  of  the  shield  rather  nearer  the 
•nt  than  the  back,  are  the  two  central  plates  (c),  whose  difference 
form  from  those  of  Coccosteus  is  equally  striking,  as  is  the  case  of 
)  median  occipital.  They  are  more  or  less  of  an  ovate-oblong, 
proximating  to  an  elongated  hexagonal  form,  articulating  in  the 
ddle  line  with  each  other  and  round  about  with  all  the  other 
ites  of  the  shield  except  the  rostral  or  anterior  ethmoidal.  The 
irginal  plate  (m.)  is  situated  on  the  outer  side  of  the  central  in 
)nt  of  the  lateral  occipital,  and  forms  the  antero-external  angle 
the  shield  (A.E.) ;  in  front  of  it  is  the  post-orbital  (p^o.),  which 
-ms  the  post-orbital  angle  (P.O.),  and  the  posterior  part  of  the 
bital  margin.  The  front  of  the  shield  is  now  filled  in  by  the 
e-orbital  plates  (P.O.)  which  meet  in  the  middle  line,  form  the 
te-orbital  angle,  part  of  the  orbital  margin  on  each  side,  as  well 
the  anterior  median  shallow  excavation,  in  which  the  plate  named 
rostral "  by  Whiteaves  fits.  This  rostral  plate  is  not  present  in 
y  of  the  specimens  in  the  Edinburgh  Museum,  but  its  form  and 
•sit ion  in  the  specimen  figured  by  Whiteavies,*  render  it  evident 
at  it  corresponds  with  the  anterior  ethmoid  in  Coccosteus, 
Some  amount  of  variation  is  observable  in  the  form  of  these 
ields  as  well  as  of  their  component  plates.  Fig.  2  represents  the 
nfiguration  of  a  specimen  which  is  proportionally  shorter  and 
oader  than  usual,  and  in  which  also  the  median  occipital  plate 
Ivances  further  forwards  between  the  centrals,  which  are  more 
regular  in  shape,  and  have  their  long  axes  divergent  backwards. 
The  arrangement  of  the  lateral  line  system  corresponds  in  the 
ain  with  that  in  Coccosteus.  The  lateral  groove  commences  on 
ich  side  in  the  external  occipital  plate  near  the  postero-lateral  angle 
*the  shield.  Running  forwards  and  slightly  outwards,  it  passes  on 
'  the  marginal  plate,  where  it  gives  off  a  branch  backwards  and 
itwards  to  the  edge  of  the  shield  just  behind  the  postero-external 
igle.  The  main  groove  then  turns  forwards  and  slightly  inwards 
,  an  obtuse  angle,  and  on  passing  on  to  the  post-orbital  turns  on  the 

1  Geol.  Mao.  Dec.  III.  Vol.  VI.  PI.  I.  Fig.  2. 
*  Op,  eit.  pi.  ix.  %.  1, 
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middle  of  that  bone  acutely  backwards  and  inwards,  ending  on  or 
near  the  centre  of  ossification  of  the  central  plate.  Just  at  the 
point  where  the  backward  turn  commences,  a  short  branch  is  given 
o£f  which  ends  in  the  post-orbital  angle  or  prominence. 

Mr.  Whiteaves  represents  the  main  groove  as  again  continued  for- 
wards at  an  acute  angle  so  as  to  end  at  the  front  of  the  shield  near 
the  ante-orbital  prominence.  Judging  from  analogy  with  CoccoBteut, 
one  might  expect  it  to  do  so,  but  this  continuation  is  not  exhibited 
in  any  of  the  specimens  which  I  have  examined. 

Associated  in  the  same  deposit  with  the  cranial  shields  are  found 
various  other  isolated  plates,  which  from  their  sculpture  probably 
belong  to  the  same  fish.  Of  these  the  only  one  which  seems  to  be 
clearly  identifiable  is  the  median  dorsal  plate  (Whiteaves,  op.  ciL 
pi.  ix.  fig.  2).  The  plate  which  he  has  figured  as  "  left  pre- ventro- 
lateral "  (t&.  fig.  3),  if  it  is  80,  must  belong  to  the  right  side  of  the 
body,  but  his  "  ventro-median  (?)  "  cannot  be  referable  to  a  median 
position  as  it  is  unsym metrical.  The  Edinburgh  Museum  possessei 
a  number  of  such  detached  plates  of  different  forms,  but  I  am  cer- 
tainly not  prepared  to  speculate  at  present  as  to  their  position  on 
the  body  cuirass.  One  thing  is  at  least  evident,  namely,  that  if 
those  plates  really  belong  to  Phlyctanius,  their  difference  of  form 
from  those  of  CoccoBteua  certainly  gives  additional  emphasis  to 
the  distinctness  of  the  genus.  No  trace  of  the  maxillce  or  mandibles 
of  PA.  Acadieus  has,  so  far  as  I  am  aware,  been  yet  discovered. 

Phlyctaniua  Anglicus,  sp.  nov. 

A  good  many  years  ago  a  small  lot  of  fossils  from  Herefordshire 
was  purchased  from  a  London  dealer  for  the  Edinburgh  Museum, 
and  among  them  I  found  a  small  cranial  shield,  which,  being 
obviously  referable  neither  to  Cephala$pi8,  nor  to  FteraaptB,  nor  to 
Scaphaspis,  was  rather  puzzling  in  its  appearance.  Being,  however, 
at  the  time  specially  engaged  with  other  subjects,  this  shield,  from 
Cradley,  lay  rather  neglected,  till  one  day  I  bethought  me  of  it  when 
examining  our  collection  of  fish  remains  from  the  Devonian  rocks  of 
Canada,  and  I  was  then  greatly  interested  to  find  that  the  English 
fossil  was  in  reality  a  Coccostean,  and  a  Coccostean  not  of  the  type 
of  Coccosteus  decipiens,  but  of  Fhlyctaniits  Acadicun,  This  is  of 
special  geological  interest,  seeing  that  both  in  England  and  Canada 
this  type  is  associated  in  the  same  beds  with  Cephala$piB,  whereas 
not  a  trace  of  any  Cephalaspidean  has  ever  occurred  in  those  northern 
Old  Eed  Sandstone  deposits  (Orkney,  Caithness,  and  Moray  Frith) 
in  which  the  typical  Coccosteus  is  abundant.  Nor  does  Coccosteus 
occur  in  Forfarshire,  where  Cephalaspis  is  characteristic. 

At  the  time  I  made  this  discovery  no  one  seemed  to  know  of  the 
existence  of  a  Coccostean  in  the  Cradley  beds,  though  indeed  a  piece 
of  the  shield  of  this  very  species  is  figured  by  Lankestei*  in  his 
Monograph  of  the  Cephalaspidss  (pi.  viii.  fig.  4)  as  a  ''  fragment  of 
doubtful  character"  in  connection  with  Zenaspis  Salweyi}     How- 

>  Mr.  Wtn;  Davies  seems  to  have  believed  in  the  occurrence  of  '*  Placodermi  '*  in 
the  Herefordshire  beds,  as  he  labelled  some  fragments  in  the  British  Museum 
*'  Fterichthyt"    They  do  not,  however,  belong  to  uiat  genus. 
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ever,  a  short  time  after  commnnioating  with  Mr.  Smith  Wood- 
ward on  the  subject,  I  received  a  letter  from  that  gentleman 
informing  me  that  he  had  since  discovered,  in  the  stores  of  the  British 
Museum,  quite  a  number  of  specimens  apparently  identical  with 
that  to  which  I  had  referred.  He  also  kiudly  forwarded  to  me  a 
plaster  oast  of  one  of  them,  as  well  as  outlines  in  pencil  of  two 
others. 

In  PL  m.  Fig.  3, 1  have  given  a  sketch  of  the  specimen  in  the 
Edinburgh  Museum.  It  measures  If  inches  m  length,  and  in  general 
form  resembles  the  cranial  shield  of  P.  Acadieuif  except  that  at  the 
back  it  is  moito  produced  outwards,  as  in  Coccosteus,  the  postero-  and 
antero-extema]  angles  being  confluent  into  one  of  considerably  greater 
prominence.  In  front  we  have  the  same  more  anterior  direction  of 
the  orbital  excavations,  bounded  by  the  post-orbital  and  ante-orbital 
prominences,  and  between  the  latter  (of  each  side)  we  have  a  similar 
gentle  concavity  for  the  rostral  or  ethmoidal  plate. 

It  is  the  internal  or  concave  aspect  of  the  shield  which  is  here 
exhibited,  and  it  is  extremely  difficult  to  recognize  any  sutures 
except  that  separating  off  the  median  occipital,  which  shows  distinctly 
enough  that  this  plate  had  the  same  elongated  pointed  form  as  in 
the  Canadian  species.  The  bone  being  considerably  splintered  away, 
especially  on  the  right  side,  some  of  the  external  markings  are  seen 
in  impression,  showing  that  the  surface  was  sculptured  with  tubercles 
of  a  comparatively  large  size.  The  course  of  the  lateral-line  groove 
may  be  distinctly  enough  seen,  its  disposition  being  quite  similar 
to  that  in  P.  Acadictis, — the  main  groove,  starting  in  the  external 
occipital,  passing  obliquely  forwards  and  inwards  to  the  ossific  centre 
of  the  plate,  then  proceeding  forwards  and  slightly  outwards  for  a 
little  distance,  and  sending  a  branch  obliquely  backwards  and  out- 
wards to  the  external  angle  of  the  shield,  after  which  it  proceeds 
forwards  and  slightly  inwards  to  behind  the  postero-orbital  angle. 
There,  a  ridge  on  the  inner  surface  of  the  shield  indicates  that  it 
turns  at  an  acute  angle  backwards  and  inwards  to  the  middle  of  the 
central  plate  in  a  manner  quite  similar  to  that  already  seen  in 
P.  Aeadicu8. 

Figure  4  is  a  diagram -sketch  of  the  plaster  cast  sent  me  by 
Mr.  Smith  Woodward,  taken  from  a  specimen  which  clearlv 
belongs  to  the  same  species,  and  which  shows  many  points  with 
greater  clearness  than  that  belonging  to  the  Edinburgh  Museum, 
the  outer  surface  being  here  displayed.  It  measures  two  inches  in 
length  by  two  in  breadth,  but  has  a  piece  broken  off  at  the  posterior 
part  of  the  left  side,  while  on  the  right  it  looks  as  if  the  prominent 
external  angle  were  covered  by  the  matrix.  The  surface  is  covered 
by  a  coarse  pustular  tuberculation,  omitted  in  the  figure,  showing 
at  places  a  little,  but  not  much,  of  the  concentric  arrangement ; 
the  course  of  the  lateral-line  grooves  is  clearly  discernible,  while 
the  form  and  arrangement  of  the  constituent  bunes  may  be 
pretty  fairly  made  out,  both  by  actual  indications  of  sutures 
as  well  as  by  radiating  lines  where  the  surface  has  been  abraded. 
It  is  clear  also,  from  both  specimens,  that  these  bones  were  quite 
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middle  of  that  bone  acutely  backwards  and  inwards,  ending  on  or 
near  the  centre  of  ossification  of  the  central  plate.  Jost  at  the 
point  where  the  backward  turn  commences,  a  short  branch  is  given 
o£f  which  ends  in  the  post-orbital  angle  or  prominence. 

Mr.  Whiteaves  represents  the  main  groove  as  again  continued  for- 
wards at  an  acute  angle  so  as  to  end  at  the  front  of  the  shield  near 
the  ante-orbital  prominence.  Judging  from  analogy  with  CocM9ieUt 
one  might  expect  it  to  do  so,  but  this  continuation  is  not  exhibited 
in  any  of  the  specimens  which  I  have  examined. 

Associated  in  the  same  deposit  with  the  cranial  shields  are  found 
various  other  isolated  plates,  which  from  their  sculpture  probably 
belong  to  the  same  fish.  Of  these  the  only  one  which  seems  to  be 
clearly  identifiable  is  the  median  dorsal  plate  (Whiteaves,  op.  dt 
pi.  ix.  fig.  2).  The  plate  which  he  has  figured  as  "  left  pre- ventro- 
lateral "  (t6.  fig.  3),  if  it  is  so,  must  belong  to  the  right  side  of  the 
body,  but  his  "  ventro-median  (?)  "  cannot  be  referable  to  a  median 
position  as  it  is  unsymmetrical.  The  Edinburgh  Museum  possesses 
a  number  of  such  detached  plates  of  dififerent  forms,  but  I  am  cer- 
tainly not  prepared  to  speculate  at  present  as  to  their  position  on 
the  body  cuirass.  One  thing  is  at  least  evident,  namely,  that  if 
those  plates  really  belong  to  Phlyctanius,  their  difiference  of  form 
from  those  of  Coccosteua  certainly  gives  additional  emphasis  to 
the  distinctness  of  the  genus.  No  trace  of  the  maxillse  or  mandibles 
of  Ph.  Acadieus  has,  so  far  as  I  am  aware,  been  yet  discovered. 

Phlyctanitts  Anglicw,  sp.  nov. 

A  good  many  years  ago  a  small  lot  of  fossils  from  Herefordshice 
was  purchased  from  a  London  dealer  for  the  Edinburgh  Museum, 
and  among  them  I  found  a  small  cranial  shield,  which,  being 
obviously  referable  neither  to  CephalatpU,  nor  to  Fteraapia,  nor  to 
Scaphaspia,  was  rather  puzzling  in  its  appearance.  Being,  however, 
at  the  time  specially  engaged  with  other  subjects,  this  shield,  from 
Cradley,  lay  rather  neglected,  till  one  day  I  bethought  me  of  it  when 
examining  our  collection  of  fish  remains  from  the  Devonian  rocks  of 
Canada,  and  I  was  then  greatly  interested  to  find  that  the  English 
fossil  was  in  reality  a  Coccostean,  and  a  Coccostean  not  of  the  type 
of  Coccoateus  decipienSf  but  of  Fhlyctaniua  AcadicujB.  This  is  of 
special  geological  interest,  seeing  that  both  in  England  and  Canada 
this  type  is  associated  in  the  same  beds  with  Cephalaspta,  whereas 
not  a  trace  of  any  Cephalaspidean  has  ever  occurred  in  those  northern 
Old  Bed  Sandstone  deposits  (Orkney,  Caithness,  and  Moray  Frith) 
in  which  the  typical  Coccosteua  is  abundant  Nor  does  Coccoateus 
occur  in  Forfarshire,  where  Cephalaapis  is  characteristic. 

At  the  time  I  made  this  discovery  no  one  seemed  to  know  of  the 
existence  of  a  Coccostean  in  the  Cradley  beds,  though  indeed  a  piece 
of  the  shield  of  this  very  species  is  figured  by  Lankester  in  his 
Monograph  of  the  Cephalaspidsd  (pi.  viiL  fig.  4)  as  a  '*  fragment  of 
doubtful  character"  in  connection  with  Zenaapia  Salweyi^     How- 

1  Mr.  Wm;  Davies  seems  to  have  belieyed  in  the  occurrence  of  **Placodermi'*  in 
the  B  erefordshire  heds,  as  he  labelled  some  frasments  in  the  British  Museum 
**  Fterichthyt,^^    They  do  not,  however,  belong  to  uiat  genus. 


Br.  JR.  H.  Traquair — A  New  Genus  of  Coecoateida.      59 

ver,  a  abort  time  after  oommnnioating  with  Mr.  Smith  Wood- 
ward on  the  subject,  I  received  a  letter  from  that  gentleman 
iforming  me  that  he  bad  Binoe  discovered,  in  the  stores  of  the  British 
[useum,  quite  a  number  of  specimens  apparently  identical  with 
lat  to  which  I  had  referred.  He  also  kindly  forwarded  to  me  a 
laster  oast  of  one  of  them,  as  well  as  outlines  in  pencil  of  two 
thers. 

In  PI.  IIL  Fig.  3, 1  have  given  a  sketch  of  the  specimen  in  the 
Idinburgh  Museum.  It  measures  1}  inches  in  length,  and  in  general 
>nn  resembles  the  cranial  shield  of  P.  Aeadicm,  except  that  at  the 
ack  it  is  mofe  produced  outwards,  as  in  Coceosteus,  the  postero-  and 
ntero-eztemal  angles  being  confluent  into  one  of  considerably  greater 
rominence.  In  front  we  have  the  same  more  anterior  direction  of 
le  orbital  excavations,  bounded  by  the  post-orbital  and  ante-orbital 
rominenoea,  and  between  the  latter  (of  each  side)  we  have  a  similar 
entle  concavity  for  the  rostral  or  ethmoidal  plate. 

It  is  the  internal  or  concave  aspect  of  the  shield  which  is  here 
xhibited,  and  it  is  extremely  difficult  to  recognize  any  sutures 
xoept  that  separating  off  the  median  occipital,  which  shows  distinctly 
nough  that  this  plate  had  the  same  elongated  pointed  form  as  in 
be  Canadian  species.  The  bone  being  considerably  splintered  away, 
specially  on  the  right  side,  some  of  the  external  markings  are  seen 
1  impression,  showing  that  the  surface  was  sculptured  with  tubercles 
f  a  comparatively  large  size.  The  course  of  the  lateral-line  groove 
nay  be  distinctly  enough  seen,  its  disposition  being  quite  similar 
0  that  in  P.  Acadicus, — the  main  groove,  starting  in  the  external 
•ccipital,  passing  obliquely  forwards  and  inwards  to  the  ossific  centre 
»f  the  plate,  then  proceeding  forwards  and  slightly  outwards  for  a 
ittle  distance,  and  sending  a  branch  obliquely  backwards  and  out- 
¥anls  to  the  external  angle  of  the  shield,  after  which  it  proceeds 
brwards  and  slightly  inwards  to  behind  the  postero-orbital  angle, 
rhere,  a  ridge  on  the  inner  surface  of  the  shield  indicates  that  it 
;ams  at  an  acute  angle  backwards  and  inwards  to  the  middle  of  the 
antral  plate  in  a  manner  quite  similar  to  that  already  seen  in 
P.  Aeadicus. 

Figure  4  is  a  diagram -sketch  of  the  plaster  cast  sent  me  by 
tfr.  Smith  Woodward,  taken  from  a  specimen  which  dearlv 
belongs  to  the  same  species,  and  which  shows  many  points  with 
P'eater  clearness  than  that  belonging  to  the  Edinburgh  Museum, 
the  outer  surface  being  here  displayed.  It  measures  two  inches  in 
length  by  two  in  breadth,  but  has  a  piece  broken  off  at  the  posterior 
part  of  the  left  side,  while  on  the  right  it  looks  as  if  the  prominent 
external  angle  were  covered  by  the  matrix.  The  surface  is  covered 
by  a  coarse  pustular  tuberculation,  omitted  in  the  figure,  showing 
it  places  a  little,  but  not  much,  of  the  concentric  arrangement ; 
:be  course  of  the  lateral-line  grooves  is  clearly  discernible,  while 
the  form  and  arrangement  of  the  constituent  bones  may  be 
pretty  fairly  made  out,  both  by  actual  indications  of  sutures 
M  well  as  by  radiating  lines  where  the  surface  has  been  abraded. 
It  is  clear  also,  from  both  specimens,  that  these  bones  were  quite 
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middle  of  that  bone  acutely  backwards  and  inwards,  ending  on  or 
near  the  centre  of  ossification  of  the  central  plate.  Jost  at  the 
point  where  the  backward  turn  commences,  a  short  branch  is  given 
off  which  ends  in  the  post-orbital  angle  or  prominence. 

Mr.  Whiteaves  represents  the  main  groove  as  again  continued  f<M> 
wards  at  an  acute  angle  so  as  to  end  at  the  front  of  the  shield  nesr 
the  ante-orbital  prominence.  Judging  from  analogy  with  Coeeosieni, 
one  might  expect  it  to  do  so,  but  this  continuation  is  not  exhibited 
in  any  of  the  specimens  which  I  have  examined. 

Associated  in  the  same  deposit  with  the  cranial  shields  are  foand 
various  other  isolated  plates,  which  from  their  sculpture  probably 
belong  to  the  same  fish.  Of  these  the  only  one  which  seems  to  be 
clearly  identifiable  is  the  median  dorsal  plate  (Whiteaves,  o^p.  til 
pi.  ix.  fig.  2).  The  plate  which  he  has  figurad  as  "left  pre- ventro- 
lateral "  (ih.  fig.  3),  if  it  is  so,  must  belong  to  the  right  side  of  the 
body,  but  his  "  ventro-median  (?)  "  cannot  be  referable  to  a  medisn 
position  as  it  is  unsymmetrical.  The  Edinburgh  Museum  possesses 
a  number  of  such  detached  plates  of  different  forms,  but  I  am  cer- 
tainly not  prepared  to  speculate  at  present  as  to  their  position  on 
the  body  cuirass.  One  thing  is  at  least  evident,  namely,  that  if 
those  plates  really  belong  to  Phlyct€Bnius,  their  difference  of  form 
from  those  of  Coccosieua  certainly  gives  additional  emphasis  to 
the  distinctness  of  the  genus.  No  trace  of  the  maxillsd  or  mandibles 
of  Ph.  Aeadieus  has,  so  far  as  I  am  aware,  been  yet  discovered. 

Phlyctaniua  AnglicuSf  sp.  nov. 

A  good  many  years  ago  a  small  lot  of  fossils  from  Herefordshire 
was  purchased  from  a  London  dealer  for  the  Edinburgh  Museusi, 
and  among  them  I  found  a  small  cranial  shield,  which,  being 
obviously  referable  neither  to  CephalaapiSj  nor  to  Fteraapia,  nor  to 
Scaphaapia,  was  rather  puzzlirg  in  its  appearance.  Being,  however, 
at  the  time  specially  engaged  with  other  subjects,  this  shield,  from 
Cradley,  lay  rather  neglected,  till  one  day  I  bethought  me  of  it  when 
examining  our  collection  of  fish  remains  from  the  Devonian  rocks  of 
Canada,  and  I  was  then  greatly  interested  to  find  that  the  English 
fossil  was  in  reality  a  Cocoostean,  and  a  Coccostean  not  of  the  type 
of  Coccoateua  decipiena,  but  of  Phlyctisniua  Acadicua.  This  is  of 
special  geological  interest,  seeing  that  both  in  England  and  Canada 
this  type  is  associated  in  the  same  beds  with  Cephalaapia,  whereas 
not  a  trace  of  any  Cephalaspidean  has  ever  occurred  in  those  northern 
Old  Bed  Sandstone  deposits  (Orkney,  Caithness,  and  Moray  fVith) 
in  which  the  typical  Coccosteus  is  abundant  Nor  does  CoccoaUfU 
occur  in  Forfarshire,  where  Cephalaspia  is  characteristic 

At  the  time  I  made  this  discovery  no  one  seemed  to  know  of  the 
existence  of  a  Coccostean  in  the  Cradley  beds,  though  indeed  a  piece 
of  the  shield  of  this  very  species  is  figured  by  Lankester  in  his 
Monograph  of  the  Cephalaspidse  (pi.  viii.  fig.  4)  as  a  "  fragment  of 
doubtful  character "  in  connection  with  Zenaapia  Salweyi^     How- 

>  Mr.  Wm.  Daties  seems  to  have  believed  in  the  occurrence  of  ''Placodermi*'  in 
the  U  erefordshire  beds,  as  he  labelled  some  fragments  in  the  British  Museom 
*'  Fterichthys.**    They  do  not,  howeyer,  belong  to  wat  genos. 


Dr.  jB.  H.  Traquair — A  New  Ghnus  of  Coecasteidof.      69 

er,  a  abort  time  after  oommnnioating  with  Mr.  Smith  Wood- 
trd  on  the  subject,  I  reoeived  a  letter  from  that  gentleman 
forming  me  that  he  had  siDoe  diBooyered,  in  the  stores  of  the  British 
osenm,  quite  a  number  of  speoimens  apparently  identical  with 
it  to  which  I  bad  referred.  He  also  kindly  forwarded  to  me  a 
ister  oast  of  one  of  them,  as  well  as  outlines  in  pencil  of  two 
lers. 

In  PI.  m.  Fig.  3, 1  have  given  a  sketch  of  the  specimen  in  the 
linbnrgb  Museum.  It  measures  1}  inches  in  length,  and  in  general 
m  resembles  the  cranial  shield  of  P.  Aeadicut,  except  that  at  the 
ck  it  is  moi^  produced  outwards,  as  in  CoccosteuB,  the  postero-  and 
tero-extemal  angles  being  confluent  into  one  of  considerably  greater 
Dminenoe.  In  front  we  have  the  same  more  anterior  direction  of 
)  orbital  excavations,  bounded  by  the  post-orbital  and  ante-orbital 
Dminenoes,  and  between  the  latter  (of  each  side)  we  have  a  similar 
ntle  concavity  for  the  rostral  or  ethmoidal  plate. 
It  is  the  internal  or  concave  aspect  of  the  shield  which  is  here 
hibited,  and  it  is  extremely  difficult  to  recognize  any  sutures 
oept  that  separating  oflf  the  median  occipital,  which  shows  distinctly 
ough  that  this  plate  had  the  same  elongated  pointed  form  as  in 
d  Canadian  species.  The  bone  being  considerably  splintered  away, 
pecially  on  the  right  side,  some  of  the  external  markings  are  seen 
impression,  showing  that  the  surface  was  sculptured  with  tubercles 
a  comparatively  large  size.  The  course  of  the  lateral-line  groove 
ly  be  distinctly  enough  seen,  its  disposition  being  quite  similar 
that  in  P.  Acadictis, — the  main  groove,  starting  in  the  external 
cipital,  passing  obliquely  forwards  and  inwards  to  the  ossific  centre 
the  plate,  then  proceeding  forwards  and  slightly  outwards  for  a 
;tle  distance,  and  sending  a  branch  obliquely  backwards  and  out- 
&rds  to  the  external  angle  of  the  shield,  after  which  it  proceeds 
rwards  and  slightly  inwards  to  behind  the  postero-orbital  angle, 
liere,  a  ridge  on  the  inner  surface  of  the  shield  indicates  that  it 
ms  at  an  acute  angle  backwards  and  inwards  to  the  middle  of  the 
ntral  plate  in  a  manner  quite  similar  to  that  already  seen  in 
.  Aeadicus. 

Figure  4  is   a  diagram -sketch  of  the  plaster  cast  sent  me  by 

r.    Smith   Woodward,    taken    from    a    specimen    which   clearly 

)l6ngs  to  the  same  species,  and  which  shows  many  points  with 

"eater  clearness  than  that  belonging  to  the  Edinburgh  Museum, 

e  outer  surface  being  here  displayed.     It  measures  two  inches  in 

ngth  by  two  in  breadth,  but  has  a  piece  broken  off  at  the  posterior 

irt  of  the  left  side,  while  on  the  right  it  looks  as  if  the  prominent 

:ternal  angle  were  covered  by  the  matrix.     The  surface  is  covered 

r  a  coarse  pustular  tuberculation,  omitted  in  the  figure,  showing 

places  a    little,  but   not  much,  of  the  concentric  arrangement ; 

e  course   of  the  lateral-line  grooves  is  clearly  discernible,  while 

e  form    and    arrangement  of    the    constituent    bones     may    be 

•etty   fairly    made    out,   both    by  actual    indications   of    sutures 

well  as  by  radiating  lines  where  the  surface  has   been  abraded. 

is  clear  also,  from  both  specimens,  that  these  bones  were  quite 
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tbat  nearly  the  whole  mass,  in  the  great  majority  of  oases,  is  either 
directly,  or  indirectly,  due  to  organic  agencies.  This  view  is  even 
maintained  in  the  cases  where  a  microscopic  examination  of  the  rock 
fails  to  reveal  more  than  a  few  traces  of  any  structure  that  can  be 
regarded  as  organic. 

It  is  perfectly  true  that  the  exclusively-orgaDio  structure  of  the 
greater  part  of  many  limestones  does  not  admit  of  any  question. 
No  one  can  doubt  that  fully  90  per  cent,  of  the  matter  composing,  for 
example,  the  shell-limestones  of  the  Jurassic  rocks,  or  the  encrinital 
limestones  of  the  Yoredale  Series  (which  consist  of  masses  of  en- 
orinites)  must  be  of  organic  origin.  But  there  are  other  limestones, 
often  associated  with  these,  of  whose  organic  origin  at  all  the 
evidence  is  by  no  means  clear.  Between  these  two  extreme  typei 
every  intermediate  gradation  exists.  I'he  fact,  indeed,  may  be 
demonstrated  by  a  careful  study  of  the  constitution  of  the  different 
beds,  or  posts,  of  the  same  limestone,  or  even  of  the  different  lamins 
composing  the  same  bed.  One  such  may  consist  almost  entirely  of 
organisms,  fragmentary  or  otherwise ;  while  those  associated  with 
it  may  exhibit  hardly  a  trace  of  a  fossil  of  any  kind.  In  the  case  of 
certain  shales  associated  with  limestones,  such  for  example  as  those 
of  the  Yoredale  Rocks,  the  argillaceous  bed  may  be  crowded  with 
organisms,  while  the  calcareous  bed  immediately  below  may  yield 
but  a  few  traces  of  such ;  or  else,  in  some  cases,  may  consist  of 
little  else  than  an  amorphous  paste  of  carbonate  of  lime,  in  which 
neither  microscopic  examination,  nor  any  other  kind  of  investiga- 
tion, reveals  more  than  a  few  traces  of  organic  structure. 

Those  writers  who  have  occupied  themselves  with  the  study  of 
limestones  seem  to  have  given  but  little  attention  to  the  nature  and 
origin  of  this  amorphous  constituent  of  the  rock.  Perhaps  one 
reason  may  be  that  those  who  have  worked  most  at  limestones  havs 
been  specially  interested  in  fossils,  and  have  regarded  the  parts  of 
the  rock  that  did  not  exhibit  traces  of  organic  structure  as  com- 
paratively devoid  of  interest.  Even  Dr.  Sorby,  in  his  well-known 
ad(li*ess  on  the  origin  of  limestones,  passes  over  this  part  of  tlie 
subject  with  much  less  notice  than  one  could  have  wished  it  should 
have  received  from  him.  He  refers  it  chiefly  to  the  crumbling  down 
of  the  aragonite  of  calcareous  organisms  that  were  undergoing 
decomposition ;  *  but  part  of  it  he  refers  to  the  detrition  of  older 
limestones,  and  part  of  it  he  regards  as  a  chemical  precipitate. 
Professor  Prestwich  (Geology,  vol.  ii.  p.  320)  suggests  that  the 
impalpable  amorphous  matter  that  forms  so  large  a  part  of  the 
Chalk,  for  example,  "may  really  be  a  chemical  precipitate  thrown 
down  under  special  and  peculiar  conditions  prevailing  at  the  time. 
Amongst  other  explanations  is  that  based  upon  the  fact  that  the 
seaward  feice  of  coral  reefs  is  always  undergoing  considerable  wear 
and  tear  under  the  action  of  breakers,  and  that  much  of  the  fio^ 
chalky  matter  resulting  from  this  action  is  distributed  far  and  wide 

1  On  this  subject  see  Vaugban  Cornish  and  Percy  F.  Kendall,  '<  On  tbe  Miners- 
logical  Constitution  of  Calcareous  Organisms,"  Gbol.  Mao.  Dec.  III.  Vol*  Y* 
p.  66. 


t/".  O.  Qvodchild — The  Paste  of  Limestones.  75 

Yer  the  ocean-floor,  where  it  subsides  as  a  thin  stratum  of  impalpable 
alcareous  mud.  Since  the  time  that  coral  animals  assumed  the 
«ef-building  habit  (which  many  think  was  not  earlier  than  Mid- 
Tertiary  times)  such  a  factor  must  have  been  an  important  one  in 
be  production  of  the  paste  in  question.  Even  in  Pre-Tertiary 
imes,  before  there  were  any  coral  reefs,  the  wear  and  tear  of  other 
calcareous  organisms  must  have  contributed  to  the  same  result  But 
IS  such  action,  from  the  nature  of  the  case,  must  have  been  confined 
:o  littoral  regions,  it  can  hardly  be  taken  much  into  account  in 
iealing  with  the  present  question.  It  is  quite  clear  in  the  case  of 
the  older  limestone  that  the  paste  did  not  result  from  the  detrition, 
on  the  spot,  of  the  calcareous  exuvisa  existing  on  the  sea-bottom  ; 
for,  be  the  calcareous  organisms  what  they  may,  they  retain  their 
original  sculpturing,  or  other  ornamentation,  in  as  perfect  a  con- 
dition, so  far  as  wear  is  concerned,  as  it  was  during  the  lifetime  of 
the  animals.  In  the  course  of  several  years*  close  study  of  every- 
thing relating  to  limestones,  in  the  field  and  in  the  study,  I  have 
never  yet  come  across  a  single  instance  where  any  evidence  whatever 
of  such  attrition  could  be  made  out 

Another    explanation  sometimes  given  is  that,  when  calcareous 

organisms  have  lain  for  any  length  of  time  on  the  sea- floor,  they  are 

attacked  by  chemical  agencies,  and  are  thereby  dissolved  more  or 

less — the  solution  being,  under  different  conditions,  redeposited  as 

a  chemical  precipitate.     Without  questioning  the  validity  of  this 

theory  in  particular  cases,  it  will  suffice  to  remind  the  reader  that 

many  of  the  facts  tell  strongly  against  such  a  view.     When  animals 

build  up  a  calcareous  framework,  the  carbonate  of  lime  is  invariably 

mixed  with  more  or  less  organic  matter,  allied  to  chitin  in  many 

of  its  properties.     The  function  of  this  substance,  as  Bischofif  long 

siDce  pointed  out,  is  to  enable  the  hard  parts  of  the  animals  to  resist 

the  attacks  of  agents  tending  to  biiiig  about  any  such  corrosion. 

As  a  matter  of  fact  it  is  usually  not  until  long  after  the  animal  has 

Wn  dead,  and  its  shell  has  been  exposed  to  the  attacks  of  subaerial 

erosion,  that  it  begins  to  go  to  pieces  at  all.     As  a  consequence,  it 

is  as  rare  to  find  a  corroded  shell,  for  example,  in  any  limestone 

clearly  of  marine  origin,  as  it  is  to  find  amongst  recent  shells  the 

apex  of  an  aged  Gasteropod,  or  the  umbo  of  a  full-grown  Lamelli- 

branch,  showing  any  sign  of  corrosion.     It  is  only  where  the  forces 

connected  with  subaerial  denudation  come  into  play  that  any  such 

corrosion  appears  to  be  possible. 

Another  factor  that  may  contribute  to  form  some  of  the  paste  of 
limestone  is  the  agency  of  certain  fishes  and  molluscs  that  feed 
^pon  organisms  secreting  calcareous  frameworks.  Part,  at  least,  of 
the  finely-comminuted  stony  matter  swallowed  by  these  predatory 
^Jiimals  is  subsequently  voided,  and  eventually  subsides  to  the 
Attorn.  From  the  very  nature  of  the  case  this  can  hardly  ever 
pave  been  of  much  importance  in  the  present  connection,  although 
Jt  cannot  well  be  left  altogether  out  of  account. 

Other  explanations  also  have  been  from  time  to  time  advanced ; 
but  not  one  of  them  has  proved  altogether  satisfactory. 
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The  one  explanation  that  would  have  satisfied  all  the  requirement! 
of  the  field  geologist  is,  that  the  greater  part,  or  the  whole,  of  the 
paste  in  question   is  mainly  due  to  chemical  precipitation.    Bat 
until  quite  lately  chemists  assured  us  that  the  facts  then  known 
did  not  warrant  the  assumption  that  any  precipitation  whatever  of 
carbonate  of  lime  was  possible  in  the  open  sea.     This  view  was 
mainly  based  upon  the  fact  that  all  analyses  of  sea-water  showed 
that  the  percentage  of  carbonate  of  lime  held  in  solution  was  but 
a  small  fraction   (a  tenth,  or  thereabouts)  of  what  sea-water  was 
capable  of  dissolving.     Therefore,  it  was  pointed  out,  precipitation 
of  carbonate  of  lime  was   simply  impossible.     That  is  no  donbt 
perfectly  true  so  far  as  it  goes.    But  were  the  reactions  that  had  been 
considered  the  only  ones  possible?     More  recent  researches  have 
shown  that  they  are  not.     To  these  I  shall  refer  in  more  detail 
presently.     In  this  connection  one  very  curious  fact  must  sarely 
have  struck  others  engaged  in  teaching  geology,  as  it  struck  me. 
In  dealing  with  the  enormous  quantities  of  carbonate  of  lime  that 
the  rivers  of  the  world  are  carrying  seawards,  one  is  called  upon  to 
explain  how  it  happens  that,  o£f  the  months  of  those  rivers,  an 
analysis  of  the  sea-water  fails  to  show  more  than  a  trace  of  either 
carbonic  acid  or  carbonate  of  lime.   On  the  contrary,  the  composition 
of  the  sea-water  there  is  practically  identical  with  that  of  the  ocean 
far  from  land.     What  has  become  of  the  carbonate  of  lime?    We 
are  told  that  it  has  been  assimilated  by  organisms.     That  seemi 
a  reasonable  explanation  at  first  sight   But  where  are  the  organismi 
that  effect  this  remarkable  change  so  rapidly?     Surely  no  one  is 
prepared  to  maintain  that  the  animals  and  the  plants  that  bmld  up 
organic  carbonate  of  lime  come  to  the  mouths  of  rivers  specially  to 
obtain  the  supplies  necessary  for  their  purpose?     The  facts  tell 
quite  the   other  way.     Indeed,  the  proportion  of  such  orgftnisms 
living  just  where  river- water  and  sea- water  mingle,  to  those  living 
out  at  sea,   is   almost  infinitely  small.      In   other  words,   where 
carbonate  of  lime  in  solution  is  in  excess,  the  percentage  of  organisms 
with  calcareous  frameworks  is  probably  not  as  high  as  it  is  where 
the  carbonate  of  lime  is  known  to  be  deficient     If  for  that  reason 
alone,  it  is  quite  clear  that  such  an  explanation  is  at  fault 

If  the  carbonate  of  lime  has  not  been  extracted  by  organic 
agencies,  then  it  must  have  disappeared  through  some  reaction 
between  the  solutions  of  carbonate  of  lime  in  carbonated  fresh  water 
on  the  one  hand  and  the  saline  constituents  of  sea  water  on  the 
other.  In  other  words,  the  carbonate  of  lime  has  passed  into  some 
other  compound.  What  the  exact  nature  of  that  compound  is  must 
be  left  to  chemists  to  decide.  But  it  is  stated  by  Dr.  Sterry  Hunt, 
that  if  a  solution  of  carbonate  of  lime  in  carbonated  water  be  mixed 
with  a  solution  of  sulphate  of  magnesia  in  water,  double  decom- 
position ensues,  and  carbonate  of  magnesia  and  sulphate  of  lime 
are  formed.  Magnesian  sulphate  exists  in  sea-water  in  proportions, 
per  1000  parts  of  water  by  weight,  varying  from  2*20  to  640.  If  this 
is  really  in  accordance  with  the  results  of  modem  researches,  then 
we  seem  here  to  obtain  a  clue  as  to  what  is  happening.    The 
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iarbonate  of  lime  brought  seawards  by  rivers  does  not  reach  the  sea 
\s  carbonate,  but  is  poured  unceasingly  into  the  ocean  as  stdphate  of 
ime.  Hence  the  sudden  disappearance  of  carbonate  of  lime  at  the 
)oint  where  river  waters  and  the  water  of  the  sea  meet. 

That  being  the  case,  what  becomes  of  all  the  sulphate  ?     Sulphate 
>f  lime  is  present  in  all  sea- water  in  proportions  per  1000  parts  by 
weight  varying  from  1*35  to  nearly  4.     But  unless  some  agency  is 
\i  work  extracting  this  lime-compound  from  sea- water  as  fast  as  it 
s  brought  in,  it  is  obvious  that  sulphate  of  lime  would  go  on 
iocnmulating  until  the  saturation   point  were  reached,  when  pre- 
npitation  wonld  ensue.     But,  as  all  the  researches  that  have  yet 
3een  made  have  failed  to  bring  to  light  the  smallest  proof  of  the 
existence  of  such  precipitates  in  the  open  sea,  it  was  an  obvious 
inclusion  that,  in  some  way  or  other,  the  sulphate  of  lime  was 
extracted  by  organic  agencies,  and  that  it  was  from  this  source,  and 
act  from  carbonate  of  lime,  that  corals,  molluscs,  fishes, — in  short,  all 
marine  organisms  whose  hard  parts  consisted  of  carbonate  of  lime, — 
obtained  the  supplies  necessary  for  their  purpose.     And  this  was  the 
Yiew  to  which  I  had  been  independently  led,   and  which  was   set 
forth  in  one  of  the  papers  referred  to  at  the  head  of  this  article, 
without  knowing  that  the  fact  had  been  actually  demonstrated  already. 
The  researches  that  led  to  the  demonstration  referred  to  were 
conducted  near  Edinburgh  by  Messrs.  R.  Irvine,  F.C.S.,  and  G.  S. 
Woodhead,  M.D.,  in  1888  and  1889.    The  results  were  made  known 
in  two  papers  read  before  the  Eoyal  Society  of  Edinburgh,  the  first 
in  May,   1888,   and  the  concluding  part  in  May,  1889.     They  are 
published  in  the  Proceedings  of  that  body  for  1888-9,  part  xvi. 
Their  chief  conclusions  are  of  great  importance  to  both  biologists 
and  geologists.     The  authors  supplied  various  animals  with  different 
lime-compounds,  singly,  or  in  combination  with   other  salts ;  and 
they  proved  by  the  results  that  organic  beings  possessed  the  power 
of  decomposing  all  lime  compounds  during  digestion,  sulphate  of 
lime  amongst  others;  and  that,  through  organic  agencies,  the  re- 
sulting lime,  entering  into  fresh  combination  with  carbonic  acid,  and 
temporarily,  also  with  phosphoric  acid,  is  ultimately  deposited  and 
ia  left,  while  the  phosphoric  acid  is  apparently  reabsorbed  and  is 
utilized  afresh  (op.  cit.  p.  340).    In  this  way  they  consider  '*  carbonate 
of  lime  may  be  secreted  by  marine  animals,  which  have  the  sulphate 
of  lime  presented  to  them  in  the  presence  of  chloride  of  sodium  " 
(ibid,  p.  350).    And,  lastly,  they  observe,  "  the  carbonate  of  ammonia 
produced  by  the  decomposition  of  urea,  etc.,  decompos[e8T  a  j)ortion 
of  the  sulphate  of  lime  of  sea- water,  with  the  formation  of  carbonate 
of  lime  equivalent  in  amount  to  the  carbonate  of  ammonia  thus 
formed"  {ibid,  p.  336).     The  papers  referred  to  contain  a  valuable 
body  of  facts  and  observations  relating  to  the  formation  of  carbonate 
of  lime  by  organic  agencies  other  than  those  with  which  this  paper 
is  more  directly  concerned.     But  apart  from  these,  the  authors  have 
unquestionably  cleared  away  the  principal  mystery  that  has  hitherto 
surrounded  the  origin  of  the  organic  constituents  of  limestones. 
To  return  to  the  origin  of  the  paste,  with  which  Messrs.  Irvine 
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and  Woodhead  have  not  dealt :  ^It  is  a  well-known  fact  that  Bolationi 
of  sulphate  of  lime  in  the  presence  of  decomposing  organic  matter 
tend  first  to  he  reduced  to  the  sulphide,  and  ultimately  to  he  thrown 
down  as  a  precipitate  of  carhonate  of  lime.  In  a  paper  on  **  Som« 
Modes  of  Formation  of  Coal,"  read  before  the  Royal  Physical  Society 
of  Edinburgh,  on  April  17th,  1889  (published  in  the  "Colliery 
Guardian,"  May,  and,  in  a  different  form,  in  the  Gbol.  Mao.  July, 
1889),  reference  was  made  to  this  factor  in  connexion  with  lime- 
stones of  inorganic  origin.  Such  limestones  would  necessarily 
consist  almost  entirely  of  an  amorphous  calcareous  paste  in  whidi 
animal  organisms  might  or  might  not  occur,  although  bituminoiii 
matter  due  to  the  partial  or  the  complete  decomposition  of  vegetable 
organisms  might  be  present  in  variable  quantity.  In  the  field,  lime- 
stones of  this  nature  are  of  common  occurrence  in  connection  with 
beds  of  coal,  as  might  be  expected  on  the  view  of  the  origin  of 
both  these  rocks  advocated  in  the  papers  referred  to.  From  audi 
inorganic  limestones  a  passage  can  readily  be  traced  in  one  direction 
through  clay  ironstone,  and  blackband  ironstone,  into  ooal;  while 
in  the  other  direction  (presumably  that  farthest  from  the  land)  tmoh 
limestones  gradually  pass,  by  the  addition  of  imbedded  oalcareooi 
organisms,  into  limestones  of  the  normal  type.  This  led  me,  by 
inference  drawn  from  another  set  of  facts,  to  the  oonolnsion  that 
chemical  precipitates,  due  to  the  reaction  of  decomposing  organic 
matter  upon  sulphate  of  lime,  have  an  essential  influence  upon  the 
formation  of  limestones,  even  when  these  are  mainly  of  organic 
origin.  Wherever  organisms  are  living,  at  that  place  also  are  other 
beings  that  are  passing  into  the  inorganic  condition.  In  the  case  of 
those  of  marine  habitat,  it  has  been  shown  that  these  secrete  carbonate 
of  lime  out  of  the  sulphate  of  lime  of  sea-water  while  they  are 
living ;  and  the  products  of  decomposition  bring  about  a  precipitate 
carbonate  of  lime  from  the  same  source  when  they  are  dead.  Such 
action  is  not  by  any  means  necessarily  limited  to  the  tenants  of  the 
sea-floor,  for  the  decomposition  of  pelagic  organisms  is  likely  to 
contribute  more  or  less  to  the  same  result.  Nor  is  it  limited  to 
organisms  with  calcareous  frameworks,  but  may  result  just  as  mach 
from  the  decay  of,  say,  jelly-fishes,  or  sponges,  as  from  their  lime- 
secreting  allies. 

It  is  to  this  organico-chemical  agency  that  I  would  refer  the  origin 
of  the  greater  part  of  the  pciste  of  limestone  of  marine  origin. 

The  shell-marl  of  lakes  presents  limestone  paste  under  a  some- 
what different  form.  Even  in  this  case  the  bulk  of  the  rock  is 
derived  partly  from  the  precipitation,  by  decomposing  organic 
matter,  of  the  carbonate  of  lime  from  the  sulphate  carried  in  solution 
into  the  lakes ;  partly  from  the  precipitation  of  the  carbonate  of  lime 
directly  from  solution  by  the  withdrawal  of  part  of  the  solvent 
carbonic  acid  by  the  agency  of  subaqueous  vegetation  ;  partly  also 
by  the  actual  decomposition  of  the  shelly  matter  itself,  under  the 
corroding  influences  of  the  acidulated  waters.  Shells  themselves,  as 
a  rule,  of  course,  form  but  a  small  part  of  shell-marl. 

If  the  views  here  advocated  find  acceptance  amongst  geologists,  it 
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u  clear  that  we  bIibU  have  to  regard  all  limeetonei  as  of  oompoimd 
origin,  partly  organic,  partly  detrital,  partly  as  chemical  precipitates 
—the  proportion  of  eaob  to  the  other  varying  greatly  to  a  muoli 
greater  extent  than  Las  yet  been  recognized. 


VII. — On   a    Mithod  of  Pbodfcihq    Pkhutio    and    PtiiucBooa 

Stbuotdkks  IK  Canada  Balsau. 

By  Fkbdbbice  Chapman. 

I^HE  interesting  phenomenoa  exhibited  in  some  glassy  rocks,  suah 
as  obsidians  and  pitchstuaes,  known  as  the  perlitio  structure, 
ooDflists  of  a  series  of  rectilinear  and  curved  cracks.  It  has  been 
produoed  artiGcially  in  Canada  Balsam,  and  described  by  Mr. 
Grenville  A.  J.  Cole,  F.G.S.' 

Hitherto,  any  attempts  of  mine  to  produce  the  curved  or  'secondnry 
Clacks  on  a  glass  plate  were  unsuccessful  (the  only  result  being 
primary  cracks  and  appearances  of  air  films  between  the  glass  and 
balsam)  ;  notil  noticing  their  occurrence  on  a  rough  mounting  plate, 
it  became  evident  that  a  roughenfd  glass  surface  was  the  requisite 
thing  in  order  to  secure  perfect  cohesion.  It  is  probable,  therefore, 
that  the  flpeuimeu  which  Mr.  Cole  produced  occurred  on  a  ground 
portion  of  the  glass  plate. 


For  a  cabinet  specimen  one  cannot  do  better  than  to  take  a 
<liK  of  glass  of  about  IJ  inches  in  diameter;  or  if  it  is  wanted 
fnr  microscopic  examination  it  may  be  necessary  to  use  a  3  x  1 
slip.  One  surface  of  the  glass  is  theo  ground  on  emery  powder ; 
meanwhile  Canada  Balsain  is  prepared  in  an  evaporating  basin  by 
healing  to  brittlenesa.  The  balsam  is  taken  whilst  beginning  to 
tool  and  poured  on  the  glass,  which  has  been  slightly  warmed  to 
allow  the  balsam  to  flow  without  including  bubbles.  When  the 
bnlBBm  has  cooled  slowly  to  a  firm  condition,  but  not  quite  cold, 
the  plate  is  plunged  into  a  vessel  of  cold  water.  Immediately  this 
ii  done  the  rectilinear  and  subsequently  the  curved  cracks  appear 
Ibroughont  the  entire  layer  of  balsam.  With  a  little  care,  very 
perfect  and  beautiful  examples  of  the  perlitio  structure  may  be 
prepared  in  this  way. 

'  On  the  Artificial  Production  of  Ferlitic  Stxucture,  Gbol.  Uao.  Dec.  II. 
ToLVII.  1880,  p.  llfi. 
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'  By  various  experiments  it  appears  that  the  coarseness  of  the 
strncture  depends  on,  first,  the  thickness  of  the  balsam  heaped  on 
the  plate  (when  thinly  spread  the  tendency  is  for  the  stmoture  to 
be  fine)  ;  second,  the  coarseness  of  the  emery  used  in  roughing  the 
surface  of  the  glass  (fine  flour  emery  generally  giving  rise  to  almost 
microscopic  structure). 

The  illustration  given  is  from  a  photograph  of  an  actual  specimen. 
The  pumiceous  structure,  with  its  characteristic  silky  lustre,  may  be 
obtained  by  taking  Canada  Balsam  made  brittle  by  evaporation,  and 
whilst  in  a  soft  condition  stirred  and  beaten  up  with  a  thin  strip  of 
metal  previously  made  warm  to  prevent  the  cooling  of  the  balsam, 
until  the  soft  mass  is  thoroughly  permeated  with  air  bubbles.  It  n 
then  taken  in  a  lump  and  pulled  out  several  times,  when  the  lustrooi 
substance  is  obtained.  This  product  resembles  very  closely  the 
Schiller  Obsidian  of  the  Caucasus. 

The  above  experiments  were  for  the  most  part  worked  out  in  the 
Geological  Laboratory  of  the  Normal  School  of  Scienoe. 


E»  E  "V*  I  E  "W  S- 


I. — A  Manual  op  Paueontology  fob  thr  Use  of  Students,  wrrfl 
A  General  Introduction  on  the  Principles  of  Palaoktoloot. 
By  Henry  Alleyne  Nicholson,  M.D.,  D.Sc,  F.G.S.,  etc.,  Reg;iu8 
Professor  of  Natural  History  in  the  University  of  Aberdeen, 
and  KiGHARD  Lydekker,  B.A.,  F.G.S.,  etc.  Third  Edition. 
Re- written  and  greatly  enlarged.  In  Two  Vols.  Royal  8vo. 
pp.  1624,  with  1419  Woodcut  Illustrations.  (WUliam  BkA- 
wood  &  Sons,  Edinburgh  and  London,  1889.) 

THE  contents  of  these  two  portly  volumes  fully  bear  out  the 
authors'  statement  in  the  preface  as  to  the  rapid  advance  of 
pala3ontological  science  within  the  last  ten  years.  When  oompaxed 
with  the  second  edition  issued  in  1879,  we  find,  notwithstanding  the 
employment  of  somewhat  smaller  type  and  leads,  an  increase  of 
554  printed  pages,  whilst  the  number  of  the  illustrations  is  nearly 
doubled.  So  great  have  been  the  changes  and  discoveries  in  the 
science  within  the  last  decade,  that  it  has  been  found  necessary  to 
entirely  rewrite  and  recast  the  whole ;  hence  it  has  a  just  claim  to 
be  considered  as  a  new  work.  The  great  development  in  the 
history  of  fossil  Vertebrates  within  the  last  few  years  has  also 
made  it  almost  impossible  for  any  one  not  a  specialist  to  treat  this 
branch  of  the  science  in  a  competent  manner,  and  it  is  therefore 
a  decided  advantage  to  find  that  in  this  edition  the  description  of  the 
Vertebrates  has  been  undertaken  by  Mr.  R.  Lydekker. 

Not  only,  however,  do  these  volumes  indicate  a  decided  increBBO 
in  our  knowledge  of  fossil  organisms  in  recent  years,  but  they  also 
furnish  satisfactory  evidence  of  the  improvement  which  has  taken 
place  in  the  character  and  methods  of  palsdontological  research,  bo 
that,  whatever  may  have  been  its  deficiencies  in  the  past,  palsdontology 
has  now  a  just  right  to  recognition  as  a  separate  department  of 
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Bio1(^^.  It  18  still  the  fashion  with  some  zoologists  of  the  present 
day,  whose  studies  are  limited  to  recent  organisms  exclusively,  to 
regard  with  lofty  scorn  the  pretensions  of  palaeontologists  to  he 
scieotific  in  their  aims  and  methods ;  hut  such  pharisaio  contempt  is 
certainly  undeserved  by  the  present  workers  in  this  science,  who 
are  not  content  now,  as  in  former  times,  with  a  mere  description 
of  the  outer  forms  of  fossils,  but  by  means  of  sections  and  the 
microscope  endeavour  to  ascertain  all  that  can  be  known  of  the 
Btraoture  and  relations  of  the  organisms  they  study. 

Taking  into  account  the  changes  produced  in  fossilization,  and  the 
generally  fragmentary  condition  of  fossils,  the  task  of  the  palaeon- 
tologist in  investigating  extinct  forms  is  far  more  difficult  than  that 
of  the  student  of  recent  species,  who  has  perfect  materials  at  his 
disposal.  As  a  rule,  those  who  are  purely  zoologists  seldom  care  to 
meddle  with  fossils,  or,  if  they  do,  they  frequently  give  abundant 
proof  that  something  more  than  a  knowledge  of  recent  organizations 
i8  needed  to  interpret  rightly  the  remains  of  extinct  forms.  It  is 
fairly  certain,  that  but  for  the  work  of  those  who  have  given  their 
entire  attention  to  fossil  forms,  but  little  comparatively  would  now 
be  known  of  the  life  of  the  past,  for  the  zoologist  finds  abundant 
recent  material  waiting  for  his  study,  and  as  this  is  more  attractive 
and  less  difficult  than  the  fossil,  there  is  no  temptation  for  him  to 
forsake  the  recent  for  the  study  of  past  life. 

Returning  now  to  the  Manual,  we  may  note  as  one  of  the  best 
features  in  this  edition,  the  consideration  given  to  the  minute 
structure  of  the  different  groups  of  organisms.  This,  however,  is 
limited  to  the  Invertebrates;  for  though  the  microscopic  structure  of 
certain  of  the  hard  structures  of  fossil  Vertebrates  is  of  considerable 
importance  in  determining  their  affinities,  there  are  no  figures  given 
of  this  in  the  second  volume.  It  is  of  the  greatest  advantage  to 
the  student  to  be  able  to  recognize  in  sections  the  nature  of  the 
organic  fragments  of  which  many  rocks  are  largely  composed,  and 
it  is  sometimes  as  important  to  determine  whether  a  rock  consists  of 
crustacean,  echinodermal,  or  moUuscan  remains,  as  to  know  the 
particular  genera  or  species  which  may  be  present  in  it.  In  this 
edition  we  are  glad  to  see  good  figures  of  the  minute  structures  of 
Foraminifera,  Corals,  Stromatoporoids,  Echinoderms,  Annelid  tubes, 
Trilobites,  etc.  Aided  by  these  the  student  is  not  likely  to  refer 
the  plates  and  teeth  of  fishes  to  Stromatoporoids  and  fossil  Sponges—^ 
a  mistake  which  has  been  made  in  pre- microscopic  days. 

In  spite  of  the  greatly  increased  contents  of  these  volumes,  it  is 
well  to  bear  in  mind  the  authors'  statements  that  only  the  leading 
types  of  each  great  group  of  fossils  have  been  selected  for  notice 
and  characterization.  To  the  student  indeed  the  number  of  these 
leading  forms  might  seem  sufficient  to  embrace  all  that  have  been 
discovered  ;  but  the  specialist,  who  knows  something  of  the  extent 
of  his  own  particular  department,  is  conscious  of  the  great  amount 
of  condensation  which  has  been  necessary  to  keep  the  work  within 
its  present  limits,  and  he  possibly  might  find,  here  and  there, 
reason  to  regret  the  brevity  with  which  some  subjects  have  been 
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treated.  There  is  no  doubt,  however,  that  the  work  famiBhes  ths 
student  with  an  excellent  aunimary  of  the  leading  principles  and 
facts  of  palseontological  science— by  far  the  most  complete  whiok 
has  ever  been  published  in  the  English  language — and  any  one  who 
wishes  to  gain  either  a  general  knowledge  of  the  past  life  of  tin 
earth,  or  a  guiding  key  to  any  particular  division,  cannot  do  bettor 
than  make  use  of  its  assistance. 

The  first  volume,  for  which  Professor  Nicholson  is  spedslly 
responsible,  contains  the  General  Introduction  and  the  Invertebntii 
It  comprises  44  chapters,  of  which  seven  are  devoted  to  the  Intro- 
duction. The  first  part  of  this  relates  to  the  character  and  mode  of 
formation  of  the  sedimentary  rocks,  and  the  conditions  under  whidi 
fossils  occur  in  them.  Good  figures  are  given  of  the  miorosoopio 
structure  of  di£ferent  varieties  of  fossiliferous  limestones,  inolodio^ 
the  White  Chalk,  which  is  compared  with  a  section  of  the  GloU- 
gerina  mud  from  the  depths  of  the  Atlantic.  Reference  is  also  made 
to  the  organic  siliceous  rocks,  such  as  flint  and  chert,  which,  as  us 
now  know,  owe  their  origin  to  Sponges  principally.  FoUowipif 
a  table  of  the  chronological  succession  of  aqueous  rocks,  full 
explanations  are  given  of  the  migration  of  species,  oontemporanei^ 
and  homotaxis,  the  value  to  be  attached  to  marine,  as  compared  witk 
land  and  fresh-water  fossils ;  geological  continuity,  life-zones,  and 
the  now  obsolete  doctrine  of  intercalated  colonies.  In  the  suooeedinff 
chapter  the  causes  of  the  imperfections  of  the  Palsdontologiou 
Kecord  are  pointed  out,  and  some  remarks  made  on  the  theoiy 
propounded  by  Murray  and  Henard  that  there  are  no  geological 
representatives  of  abyssal  deposits.  It  is  evident,  however,  thit 
certain  portions  of  the  sedimentary  series  fully  correspond  with  the 
Foraminiferal  ooze,  the  Badiolarian  ooze,  the  Diatom  ooze,  and  even 
with  the  Pteropod  ooze,  and  it  is  by  no  means  improbable  that  some 
of  the  variegated,  fine-grained  muds  of  the  Cambrian  and  Ordovioian 
strata  may  correspond  to  the  abyssal  clays  of  the  present  ooeani. 
The  question  of  the  climatic  conditions  of  the  earth  in  formtf 
geological  periods  is  also  one  on  which  no  certain  conclusions  oan 
be  drawn  from  fossils — at  all  events  on  those  from  the  older  rocke; 
but  the  researches  of  Neumayr  on  the  animal  life  of  the  Juraasio 
period  indicate  the  existence  at  that  epoch  of  climatic  zones  similar 
to  those  of  the  present  day,  and  there  is  also  a  certain  amount  of 
evidenoe  of  the  recurrence  of  Glacial  periods  at  different  epochs  in 
the  past. 

As  regards  the  terms  used  in  palsBontology,  the  author  remaiki 
that  they  are  the  same  as  those  employed  by  the  zoologist;  hot 
owing  to  the  fact  that  as  almost  without  exception  the  specifio 
characters  of  fossils  must  necessarily  be  founded  on  the  hard  structures 
only,  and  these  often  imperfectly  preserved,  it  follows  that  a  palaBOO- 
tological  species  cannot  be  expected  to  have  the  same  value  as  that 
which  a  zoological  species  ought  to  have  when  the  entire  structure 
of  the  organism  can  be  taken  into  account,  and  consequently  both 
the  species  and  the  genus  must  be  accepted  in  a  wider  and  less  strid 
■ense  in  palasontology  than  in  zoology.    The  author  adopts  the 
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lefinition  of  a  palieontologioal  species  given  by  von  Zittel,  viz.  that 
t  oomprises  all  those  individuals,  or  remains  of  individaals,  which 
>os8e88  in  common  an  assemblage  of  constant  characters,  and  which 
K)n8titute  collectively  a  distinctly  circumscribed  morphological  series, 
ipart  from  all  considerations  relating  to  their  range  in  time  and  in 
(pace. 

The  final  chapter  of  the  Introductory  part  treats  of  the  Evolution 
>r  Organic  Types  in  time.     The  author  points  out  that  we  are  quite 
gnorant  of  the  animals  and  plants  which  constituted  the  first  living 
Iteings,  and  that  we  are  likely  to  remain  so ;  that  representatives  of 
ill  the  invertebrate  sub-kingdoms  are  present  in  the  earliest  fossil- 
iferoua  deposits,  and  these  as  individuals  are  complex  and  highly 
ipecialized  in  their  structures,  and  we  are  bound  to  conclude  that 
tliese  earliest  known  faunas  must  have  been  preceded  by  many  others 
altc^ther  unknown  to  us,  in  which  the  gradual  changes  from  the 
primitive  simpler  types  of  life  took  place.     Throughout  the  entire 
f^eological  succession  we  can  note  a  continuous  introduction  of  new 
species,  sometimes  gradually,  at  othei*s  apparently  very  abruptly, 
liat  the  evidence  of  palfeontology  points  to  the  operation  of  some 
general  law  of  evolution,  by  which  these  new  species  have  been 
derived  fn>m  pre-existing  forms.     This  succession  of  life-forms  is 
further  progressive  in  character,  the  evidence  of  palaeontology  indi- 
cating a  distinct  advance  in  complexity  of  organization  of  the  later 
as  compared  with  the  earlier  morphological  types.     There  is  but 
little  chance  of  ascertaining  from  the  rocks  any  knowledge  of  the 
order  of  the  appearance  of  the  different  leading  types  of  Invertebrates ; 
hut  we  ought  to  be  able  to  find  traces  of  the  first  appearance  of  the 
higher  classes  of  Vertebrates.     The  author  remarks  that  there  is  no 
dirtct  palsBontological  evidence  which  would  certainly  establish  any 
particular  theory  as  to  the  precise  mode  in  which  this  law  of  evolu- 
tion has  been   carried  on,  nor  is  the  evidence  from  this  source  con- 
clusive as  to  the  theory  of  the  origin  of  species  by  natural  selection. 
^YbiI8t  it  is  true  that  in  a  certain  number  of  instances  it  has  been 
found  possible  to  connect  two  different  specific  types  by  means  of 
a  long  series  of  intermediate  links,  as  a  general  rule,  tbe  known 
transitional   forms  between  allied  groups  are  few  in  number.     **  It 
cannot  be  doubted,  therefore,  that  palaeontology  has,  so  far,  to  a  large 
extent,  failed  to  bring  forward  the  numerous  and  closely  graduated 
series  of  intermediate  forms  which  must  at  one  time  have  existed, 
supposing  *  natural   selection '  to  be  the  sole  agent  in  the  origination 
of  new  8i>ecies.     The  absence  of  a  sufficient  number  of  such  transi- 
tional forms,  and  the  insufficient  connection  between  such  as  are 
known  to  exist,  may  doubtless  be  in  part  explained  by  the  known 
*  imperfection  of  the  geological  record ' ;  but  this  does  not  appear  to 
offer  an    adequate  solution  of  the  difficulty.     The  theory   of   the 
'origin  of  species  by  means  of  natural  selection,*  as  elaborated  by 
the  master-mind  of  Darwin,  constitutes  nevertheless  an  invaluable, 
indeed,  an  indispensable  guide  in   all  branches  of  palaeontological 
research." 
The  greater  part  of  the  first  volume  treats  of  the  pa\»onto\og^  ol 
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the  Invertebrata.  We  can  within  the  limits  of  this  notice  only 
refer  to  some  of  the  changes  and  additions  which  appear  in  thii 
new  edition.  In  Foraminifera,  for  instance,  there  is  introdnoed  tba 
new  arrangement  into  families  proposed  by  Dr.  H.  B.  Brady,  in  tba 
"  Challenger "  Report,  in  which  the  structure  of  the  test  as  u 
exclusive  basis  of  classification  has  been  abandoned.  Figures  sn 
given  of  some  of  the  peculiar  forms  of  the  recent  Astrorhizidaa,  in 
which  the  test  consists  of  arenaceous  tubes,  and  to  these  the  pecoliir 
genus  Oirvanella,  ■  lately  shown  to  occur  in  many  limestones  firom 
the  Cambrian  to  the  JurasHic,  is  thought  to  be  allied.  The  group  of 
the  Dactyloporidaa,  formerly  included  with  the  Foraminifera,  nov 
finds  its  place  with  the  AlgsB.  In  an  Appendix,  several  pages  tn 
devoted  to  a  consideration  of  the  structure  of  Eoxoon,  which  the 
author  has  investigated  for  himself,  and  some  excellent  woodooti, 
drawn  from  the  author's  own  sections,  convey  a  very  good  idea  of 
the  microscopic  appearance  of  this  peculiar  substance.  Profeaior 
Nicholson  by  no  means  rejects  as  inadmissible  the  idea  of  its  otigiDio 
origin,  but  thinks  that  '*  until  mineralogists  or  petrologists  are  sUe 
to  point,  in  some  unquestionable  mineral  or  rock,  to  a  structnn 
strictly  comparable  with  the  '  canal  system '  of  Eozorm,  they  aw 
not  entitled  to  assert  positively  that  the  latter  has  a  purely  inorganio 
origin."  But  a  similar  argument  is  applicable  to  those  who  ssaeit 
its  organic  origin,  although  no  organism  is  known  with  a  oaoal 
system  strictly  comparable  to  this  alleged  structure  in  this  rock.  It 
is  to  be  hoped  that  the  active  investigation  now  in  progress  as  to 
the  origin  of  the  rocks  in  which  Eozoon  occurs,  may  help  to  decisively 
solve  the  problem  as  to  its  real  character. 

In  the  chapter  on  Radiolaria,  an  outline  is  given  of  Haeckel's  new 
classification,  and  mention  made  of  the  presence  of  these  organiimi 
in  Jurassic  strata  where  they  form  beds  of  jaspery  chert  As  the 
microscopic  structure  of  the  siliceous  organic  rocks  is  better  known, 
this  group  will  most  likely  appear  more  important  as  a  rock-former 
than  has  hitherto  been  supposed. 

The  Sponges,  which  in  the  last  edition  were  included  !in<ler 
Protozoa,  are  now  placed  in  a  separate  sub-kingdom — the  Porifers— 
intermediate  between  Protozoa  and  Coelenterata.  They  are  divided 
into  two  classes  :  the  Plethospongiai,  embracing  the  siliceous  and 
horny  forms,  as  well  as  those  without  any  hard  skeleton,  and  tbe 
CalcispongiaB.  Our  knowledge  of  the  organization  and  distribntion 
of  the  fossil  Sponges  has  greatly  extended  within  the  last  decade; 
but  owing  to  the  liability  of  their  skeletons  to  break  up,  we  are 
still  ignorant  of  the  complete  forms  of  many  of  the  older  types, 
and  these  can  at  present  only  be  determined  by  their  scattered 
spicules,  which  are  numerous  enough  to  form  considerable  thick* 
ne88es  of  rock,  more  particularly  in  the  Carboniferous  epoch.  Tbe 
family  of  the  ReceptaculitidoB  is,  on  Hinders  determination,  included 
with  the  siliceous  sponges ;  but  Dr.  Rauff,  as  mentioned  in  tb« 
Appendix,  questions  the  correctness  of  this  reference,  though  he  i* 
unable  to  refer  this  puzzling  group  to  any  other  division  of  tbe 
Animal  Kingdom. 
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Fossil  Caloisponges  are  now  known  to  have  a  wide  distribution 
ind  to  be  abandant  in  Jarassic  strata ;  their  very  existence  as  fossils 
■ras  denied  up  to  a  very  recent  period ;  on  the  other  hand,  forms 
formerly  referred  here,  such  as  the  Stromatoporoids,  are  now  placed 
in  the  Coelenterata. 

The  Archseocyathinad,  from  the  Cambrian  strata  of  Europe  and 
America,  are  regarded  as  of  doubtful  affinities ;  but  recent  researches 
show  that  they  possess  a  considerable  resemblance  to  Madreporarian 
Corals.  The  real  nature  of  Faaceolus,  Cyclocrinus,  and  Nidvlites  is 
still  uncertain. 

Coming  now  to  the  Hydrozoa,  there  are  good  figures  of  JTydraC" 
Uma  and  Parkeria^  and  also  of  the  peculiar  genera  Mitcheldeania  and 
Solenopora^  which  form  an  important  part  of  many  Palssozoic  lime- 
stones. Oldhamia  is  still  retained  with  the  Hydroida,  though  its 
nature  is  open  to  great  doubt. 

Passing  over  the  Oraptolites,  of  which  several  new  figures  are 
given,  we  reach  the  Hydrocorallines  and  Stromatoporoids,  and,  as 
night  be  expected  from  the  author's  researches  in  thin  latter  group, 
their  structural  features  are  clearly  described  and  illustrated.  They 
are  considered  as  forming  a  special  and  now  unrepresented  group  of 
Hydrozoa,  some  forms  having  relations  to  the  recent  Hydractinia, 
and  others  to  Hydrocorallines  like  Millepora, 

Considering  the  importance  as  fossils  of  the  Actinozoa  or  Corals, 
we  are  glad  to  note  the  greatly  increased  space  devoted  to  them  in 
this  edition,  so  that  their  general  features,  diflferent  modes  of  growth 
and  increase,  and  more  particularly  their  minute  structural  characters, 
are  treated  fully,  and  well  shown  in  the  elaborate  fi^rures,  most  of 
which  are  original.  It  is  acknowledged  that  the  classification  of 
ibis  group  is  in  a  transitional  state,  and  that  the  position  of  the 
Rngosa  as  a  separate  order  cannot  be  maintained  ;  but  it  is  still  kept 
distinct,  and  with  the  Aporosa,  Fungida  and  Perforata,  form  the 
primary  sections  of  the  Madreporaria.  There  can  be  little  doubt 
however,  that  many,  if  not  most  of  the  Rugosa  will  enter  into  the 
division  of  the  Aporosa.  One  of  the  principal  grounds  of  distinction 
was  based  on  the  supposed  tetrameral  development  of  the  septa,  but 
the  importance  of  this  has  been  overestimated,  and  we  find  here  that 
the  Coral,  Staurta  astrceiformia,  in  which  this  tetrameral  arrangement 
is  most  conspicuously  shown,  has  been  removed  from  the  Rugosa 
«aid  placed  with  the  Astraeida  in  the  Aporosa. 

To  the  section  of  the  Madreporaria  Perforata,  previously  regarded 
as  almost  exclusively  Mesozoic  and  Tertiary,  considerable  additions 
have  been  lately  made  from  the  older  rocks.  Thus  we  have  the 
genus  CaloFtylia  from  the  Wenlock,  Cleisiopora  from  the  Devonian 
and  PalcBacis  from  the  Carboniferous;  whilst  the  great  family  of  the 
Favositidee,  formerly  in  the  now  obsolete  group  of  the  Tabulata, 
al«o  finds  its  place  in  this  division.  Though  somewhat  more 
*herrant  in  their  mode  of  growth,  the  Syringoporidae  and  the 
Thecidae  are  likewise  included  in  the  Perforata. 

The  Palaeozoic  families  of  the  Heliolitidae  and  the  HalysitidsB 
ai^  placed  with  Alcyonarian  Corals  on  account  of  their  presumed 
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relationship  to  the  recent  Beliopora.  It  is,  however,  pointed  out 
that  their  minute  structures  are  widely  different,  and  that  the 
autx)pores  or  corallites  generally  possess  a  constant  number  of  septa. 
Other  differences  might  also  be  mentioned,  and  there  is  room  for 
doubting  whether  the  interstitial  tubes  in  these  old  fossils  were 
tenanted  by  rudimentary  polypes  as  is  stated  to  be  the  case  in 
Eeliopora ;  for  in  the  genus  Plaamopora  the  intermediate  tissue  is 
vesicular  instead  of  tubular  in  character.  In  many  respects  the 
Corals  of  these  families  show  a  relationship  to  Syringopora, 

Considerable  advance  in  our  knowledge  of  the  microscopic  struc- 
ture of  fossil  Corals  has  been  lately  made,  and  it  seems  likely  that 
in  any  fresh  classification  the  minute  structure  of  the  walls  and 
septa  will  have  to  be  taken  into  account  as  an  important  feature  in 
the  relationship  of  different  forms.  The  significance  of  this  is  well 
shown  in  the  figures  given  on  page  247  of  transverse  sections  of 
a  recent  CaryophylUay  and  of  two  Palssozoic  Corals,  Sireptelasma  and 
ZaphreniiSy  in  which  the  structure  and  arrangement  of  the  septa  are 
essentially  similar  in  all,  though  in  the  present  accepted  classification 
the  former  genus  is  widely  separated  from  the  latter. 

Some  important  remarks  are  contributed  on  the  nature  of  coral 
reefs,  and  the  difficulty  is  pointed  out  of  deteimining  whether  the 
outcrops  of  coral  limestones  in  the  older  rocks  really  represent  the 
boundaries  of  coral  reefs  comparable  to  those  now  in  process  of 
formation. 

A  group  of  organisms,  the  Monticuliporoids,  very  numerously 
represented  in  Palaeozoic  rocks,  and  about  whose  affinities  much 
uncertainty  rests,  are  treated  in  a  separate  chapter.  These  forms 
have  been  more  especially  studied  by  the  author,  who  regards  them 
as  probably  Corals,  but  other  authorities  consider  them  to  be  Polyzoa. 
Waagen  has  lately  stated  that  the  mode  of  increase  in  some  of  these 
forms  is  by  coenenchymal  gemmation,  like  that  of  some  undoubted 
Corals,  but  there  is  reason  to  doubt  the  accuracy  of  this  observation, 
and  it  is  likely  that  the  mode  of  growth,  in  some  of  the  Fistuli- 
poridsB  at  least,  is  similar  to  that  in  Polyzoa. 

The  sub-kingdom  of  the  Echinodermata  is  considered  in  the 
Chapters  xxii.  to  xxvi.  Good  figures  are  given  of  the  minute 
structure  of  the  skeleton,  so  characteristic  of  the  whole  group,  and 
reference  made  to  the  distinctive  cleavage  which  reveals  at  once  the 
presence  of  these  organisms  in  the  rocks.  The  group  is  ranged  under 
two  divisions :  the  Echinozoa,  which  includes  the  Echinoids,  Asteroids 
Ophiuroids  and  Holothuroids ;  and  the  Pelmatozoa  embracing  the 
Crinoids,  Cystideans  and  Blastoids.  Important  additions  are  made 
in  all  these  divisions  in  the  present  edition,  more  particularly  in  the 
Crinoids  and  Blastoids.  The  former  class  is  divided  into  Neocrinoids 
and  Palseocrinoids ;  but  owing  to  recent  discoveries  in  the  structure 
of  Encrinus  and  Taxocrinns^  this  arrangement  will  have  to  be 
abandoned,  and  the  classification  of  Wachsmuth  and  Springer, 
modified  by  Dr.  P.  H.  Carpenter,  will  take  its  place.  In  this,  the 
Crinoids  are  divided  into  three  orders :  the  Coadunata,  Inadunata, 
and  the  Articulata.     In  the  Blastoids,  the  divisions  into  the  two 
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primary  orders  of  Regulares  and  Irregulares,  proposed  by  Etheridge 
and  Carpenter,  are  adopted.  The  long  extinct  Cystideans  present 
considerable  difficulties  in  their  arrangement.  In  the  Appendix,  Dr. 
Carpenter  contributes  a  note  on  certain  structural  points  of  some  of 
the  Bohemian  forms  described  in  Barrande's  posthumous  work  on 
this  group. 

In  the  chapter  on  fossil  Annelids,  the  microscopic  structure  of 
some  of  the  Tubicolsa  is  figured,  as  well  as  that  of  the  peculiar 
Comulites  from  the  Wenlock.  Some  of  the  minute  chitinous  jaws 
of  the  Ordovician  Polychetsa  are  also  shown. 

Barrande's  classification  of  the  Trilobites  is  adhered  to,  but  it 
seems  that  even  in  this  group  no  strict  zoological  arrangement  is  as 
yet  possible ;  it  is  regarded  as  more  nearly  related  to  the  Merostomata 
than  to  any  other  division  of  the  Crustacea.  Figures  are  given  of 
the  minute  structure  of  the  test,  and  also  of  the  appendages  discovered 
by  Waloott  on  the  under-surface  of  the  body  of  Asaphus. 

Under  the  Arachnida,  interesting  figures  are  given  of  the  structure 
of  the  chitinous  skin  of  a  fossil  Scorpion  from  the  Carboniferous 
rocks  of  Scotland,  and  of  a  recent  specimen  of  this  group. 

Several  new  figures  of  the  minute  structure  of  the  Polyzoa  and 
of  the  beautifully-marked  cells  of  the  Cheilostomata  are  added  in 
this  edition.  The  peculiar  form  of  the  cell-apertures  in  Coacinium 
eribri/orme  (p.  610),  and  in  Cyatodictya  Gilherii  (p.  631)  is  very 
suspiciously  like  those  of  the  \lonticuliporoid  FistuUpora  trifoliaia 
(p.  358),  and  might  lead  one  to  suppose  a  near  relationship  between 
these  forms. 

Owing  to  the  comprehensive  labours  of  the  late  Dr.  Davidson, 
there  are  fewer  changes  in  the  Brachiopoda  than  in  other  groups. 
The  principal  novelties  are  the  forms  from  the  Carboniferous  strata 
of  India,  described  by  Waagen  under  the  names  of  Oldhamina  and 
Lyttonia, 

In  the  Lamellibranchiata,  Fischer's  new  classification  is  adopted 
in  preference  to  the  former  one  based  on  the  presence  or  absence  of 
siphons.  As  becomes  the  importance  of  this  group,  most  of  the 
representative  types  are  figured. 

The  old  divisions  of  the  Gasteropoda  into  the  Pulmonata  and 
Branchiata  are  maintained,  but  the  Chitons  and  DeritaliidsB  are 
regarded  as  forming  two  separate  classes  of  Mollusca.  In  the  Ptero- 
poda,  the  delicate  calcareous  tubes  known  sl8  Styliola  fis8urella  SLve 
believed  to  be  genuine  representatives  of  the  group.  Some  of  the 
Devonian  Limestones  in  North  America  are  almost  exclusively  com- 
posed of  these  small  tubes;  the  section  figured  shows  this  remark- 
ably well.  Tentaculit€8  is  still  retained  in  the  Pteropoda,  but  the 
structure  of  its  shell  throws  considerable  doubt  on  its  relationship 
to  this  group. 

The  concluding  four  chapters  of  this  volume  treat  of  the  Cepha- 
lopoda. Many  additional  figures  illustrate  their  structure  and  early 
stages  of  growth.  In  the  Nautiloidea  the  family  divisions  lately 
proposed  by  Foord  are  adopted,  and  the  Ammonites  are  arranged 
according  to  the  classification  of  von  Zittel. 

{To  be  continued^) 
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II. — Prooecdinos  of  the  Cottkswold  Natubalibts'  Field  Club 

for  1888-1889.  Vol.  IX.  Part  4. 

THE  Cotteswold  Club  continues  its  good  work,  notwithstanding 
the  heavy  losses  it  has  sustained  of  late  years,  by  the  death  of 
Wright,  Guise,  Witchell,  Lees,  and  Symonds.  Excursions  have 
been  made  to  Cheddar,  Edgeworth,  Crickley  and  Tetbury,  but 
though  old  hunting-places  are  revisited,  yet,  as  Mr.  W.  C.  Lucy  (the 
President)  remarks,  **  there  is  ample  ground  for  more  detailed  work, 
which  can  only  be  accomplished  in  a  satisfactory  manner  by  those 
who  live,  like  our  members,  in  the  area."  Moreover,  "The  subject 
has  become  so  vast  as  to  make  it  necessary  to  divide  its  study  into 
mauy  parts ;  and  hence,  instead  of  the  naturalist  of  broad  general 
knowledge,  there  will  inevitably  spring  up  specialists  who  will 
work  in  various  departments,  and  the  mere  '  all-round  man '  will 
soon  be  a  fossil  of  the  past." 

The  number  of  original  workers  in  any  society  or  field-club  is  but 
small  compared  with  those  generally  interested  in  the  pursuit  of 
science  and  who  are  content  to  follow  in  the  footsteps  of  others. 
To  this  larger  body  of  enthusiastic  students  geology  is  mainly  in- 
debted for  its  support.  We  have  been  told  that  among  those  who 
contribute  most  largely  to  the  "  talus-heap  of  geological  literature," 
there  are  some  who  affect  almost  to  disregard  the  writings  of  others ; 
but  they  are  apt  thereby  to  burden  the  'talus'  with  needless  con- 
tributions, like  the  individual  in  "Punch  "  who  never  read  books; 
he  vjroU  them.  If  the  original  worker  finds  the  productions  of 
others  very  dry,  what  must  be  the  feelings  of  the  ordinary  student  I 
Probably,  as  a  rule,  insufficient  attention  is  given  by  those  who 
write  papers  to  the  wants  and  capacities  of  the  would-be  reader.  If 
the  work  of  the  specialist  is  intended  only  for  specialists,  the  results 
can  be  known  to  but  few,  and  the  enthusiasm  of  the  general  student 
will  be  damped  by  his  inability  to  keep  up  with  the  progress  of  the 
science.  We  feel  this  in  glancing  over  the  list  of  fossils  in  Mr.  S.  S. 
Buckman's  paper  on  "The  relations  of  Dundry  with  the  Dorset- 
Somerset  and  Cotteswold  areas  during  part  of  the  Jurassic  period." 
The  familiar  Bhynchonella  spinosa  appears  under  the  name  of  Acan- 
thothyrts  spinosay  and  other  well-known  forms  are  obscured  by  the 
new  generic  titles  of  Oloasothyria,  Dictyothyris,  ZeUhria^  AuJacothyria 
and  Plesiothyrts.  Surely  science  is  hindered  by  the  prominent  use 
of  these  subgenerio  names,  which  are  of  biological  but  not  geo- 
logical interest,  and  are  only  of  service  as  working-material  to  the 
specialist.  Again,  in  a  list  of  Ammonites,  22  species  are  recorded 
under  11  subgeneric  names,  some  of  which  moreover  have  under- 
gone repeated  changes.  As  these  names  can  convey  a  clear  meaning 
to  few  besides  specialists,  we  regret  that  they  were  not  placed  in 
brackets  after  the  ordinary  generic  name. 

We  have  dwelt  on  this  subject,  as  the  nomenclature  adopted  by 
Mr.  Buckman  renders  it  difficult  to  follow  his  arguments.  He 
endeavours  to  show  that  the  Inferior  Oolite,  of  which  Dundry  is 
mainly  composed,  was  in  its  lower  portion  connected  intimately  with 
the  Dorset  and  South  Somerset  area,  while  only  the  upper  portion 
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or  ParKfisom-zone  was  connected  also  with  the  Cotteswold  area* 
He  belie vee  that  a  barrier  was  raised  '*  after  the  deposition  of  the 
Lower  Lias  and  jast  before  that  of  the  Cotteswold  Sands/'  and  that 
this  barrier,  for  a  time,  disconnected  the  Bath  and  Cotteswold  area 
of  deposit  from  that  of  Dundry  and  the  Dorset  area.  From  the 
evidence  brought  forward  this  may  be  taken  as  an  interesting  and 
important  suggestion  made  to  explain  certain  palsaontological 
differences  between  the  strata  in  the  respective  areas. 

Mr.  Lucy  contributes  "  Remarks  on  the  Dapple  Bed  of  the 
Inferior  Oolite  at  the  Horsepools,  and  on  some  Pebbles  from  the 
Great  Oolite  at  M inch inhamp ton."  The  Dapple  bed  is  the  quarry- 
men's  name  for  a  layer  of  Oolite  that  contains  tiny  quartz  pebbles, 
and  also  pebbles  of  Oolite  distinguished  from  the  matrix  by  a 
difference  in  colour  and  texture.  These  latter,  as  Mr.  Lucy  remarks, 
evidence  ''  the  destruction  of  older  rocks  of  the  same  nature  during, 
or  previous  to,  the  deposition  of  the  existing  Oolite;*'  while  the 
quartz  pebbles  he  considers  to  have  been  derived  from  the  Forest  of 
Dean.  The  pebbles  said  to  have  been  obtained  from  the  Great 
Oolite  had,  in  Mr.  Lucy's  opinion,  been  derived  from  the  Drift,  but 
had  dropped  down  a  fisnure  in  the  Oolite. 

The  Rev.  H.  H.  Winwood  furnishes  "Notes  on  a  Geological 
Section  between  Tytherington  and  Thornbury."  A  very  neatly- 
drawn  coloured  section  accompanies  the  paper ;  and  it  may  be 
mentioned  that  this  differs  in  some  minor  particulars  from  the 
section  published  by  Prof.  Lloyd  Morgan  (Proc.  Bristol  Nat.  Soc. 
vol.  vi.  part  i.).  The  section  depicts  the  cuttings  on  a  new  line  of 
railway,  and  shows  the  Old  Red  Sandstone  passing  upwards  through 
the  Lower  Limestone  Shales  into  the  Carboniferous  Limestone. 
Full  details  of  the  strata  are  given  by  Mr.  Winwood.  At  one  point 
a  reversed  fault  brings  fine-grained  beds  of  Dolomitio  Conglomerate 
(like  Magnesian  Limestone),  beneath  the  Carboniferous  Limestone. 
Other  sections  show  Dolomitic  Conglomerate,  Keuper  Marl  and 
Sandstone ;  and  altogether  the  making  of  the  railway  has  furnished 
a  very  instructive  series  of  cuttings.  H.B.W. 


III. — Structures  et  Classification  des   Roches  £ruptives. 
Par  A.  Michel  LfevY.     pp.  95.     (Paris,  1889.) 

THIS  is  primarily  a  spirited  attack  on  the  principles  laid  down 
by  Rosenbusch  in  his  Mikroskopische  Phi/siogrnphte  der  massigen 
GesteinCf  and  a  revindication  of  those  already  set  forth  by  the  author 
in  conjunction  with  Fouque.  Though  perhaps  stronger  on  the 
critical  than  on  the  constructive  side,  this  little  volume  is  full  of 
fertile  suggestions,  and  is  certainly  the  clearest  exposition  of  the 
views  of  the  French  school  which  has  yet  appeared. 

The  author  maintains  that  the  plutonic  (grnnito'ide)  rocks,  no  less 
than  the  volcanic  and  porphyritic  (traehytoide),  present  evidence  of 
two  distinct  periods  of  crystallization,  the  products  of  which  may 
be  easily  discriminated ;  but  that  in  the  former  class  the  minerals 
of  the  two  periods  have  similar  characters,  while  in  the  latter  they 
are  dissimilar.     To  account  for  the  complex  structures  of  l\i^  ^a\A. 
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rooks,  be  has  reoourse  to  the  agents  minSraUsaieurs  to  which  French 
petrologists  from  the  time  of  £lie  de  Beaumont  have  attached  so 
much  importance.^  He  ascribes  all  the  differences  of  structure  that 
can  arise  from  a  magma  of  given  composition  to  variations  in  the 
three  factors,  temperature,  pressure,  and  "  mineralisers,'  and  considers 
that  in  the  structure  of  the  basic  rocks  the  first  of  these  factors  has 
had  a  dominant  influence.  Indeed  he  seems  to  imply  that  the  order 
of  crystallization  of  the  constituents  of  these  rocks  depends  in 
general  on  their  relative  fusibility,  the  initial  temperature  of  the 
magma,  and  its  successive  more  or  less  sudden  variations.  In  this 
connection  he  cites  the  synthetic  experiments  of  M.  Fouque  and 
himself,  which  perhaps  have  not  received  due  appreciation  at  the 
hands  of  geologists  in  general. 

Our  author  strenuously  denies  the  generality  of  the  rule  which 
associates  the  granitoid  types  of  structure  with  deep-seated  igneous 
rocks  and  the  porphyritio  and  allied  types  with  extravasated 
products,  and  quotes  a  number  of  instances  in  opposition  to  it.  The 
citation  of  the  Tertiary  gabbro  'domes'  of  the  Hebrides  as  analogous 
to  the  puys  of  Auvergne  seems  to  rest  on  a  misunderstanding  of 
Dr.  Geikie's  description,  and  in  any  case  the  exceptional  occurrences 
mentioned  are  scarcely  sufficient  to  overthrow  so  general  a  law. 

The  second  chapter  is  devoted  mainly  to  a  discussion  of  the  minute 
structures  of  rocks  and  a  comparison  of  the  French  and  German 
views  of  the  nature  of  '  petrosilex,'  and  the  various  centric  and 
spherulitic  structures  of  the  acid  series.  From  the  concluding 
remarks  we  gather  that  the  author  definitively  abandons  the  age,  or 
presumed  age,  of  igneous  rocks  as  a  principle  of  classification,  and 
his  observations  in  this  connection  will  certainly  commend  them- 
selves to  English  petrologists. 

In  the  next  chapter  M.  Michel  Levy  considers  the  mineralogical 
constitution  of  igneous  rocks,  especially  as  an  exponent  of  their 
chemical  composition.  He  shows  that  by  selecting  as  a  basis  of 
classification  of  the  porphyritio  rocks  the  elements  of  the  first  period 
of  consolidation  Hosenbusch  has  been  led  into  a  schenie  of  arrange- 
ment which  accords  but  very  imperfectly  with  the  bulk-analyses  of 
the  rocks.  He  prefers  to  take  account  more  particularly  of  the 
dominant  *  white '  (i.e.  non -ferriferous)  constituents  of  the  second 
period  of  consolidation,  which  afford  a  more  accurate  index  of  the 
chemical  composition  of  the  rock.  To  elucidate  his  views  he  intro- 
duces a  system  of  formulsB  designed  to  express  at  once  the  structure 
of  a  rock,  its  mineral  constituents,  their  order  of  consolidation,  and 
their  division  into  two  periods  of  consolidation. 

In  the  fourth  chapter  we  have  a  detailed  study  of  Rosenbusch*s 
classification  of  eruptive  rocks,  and  the  artificial  character  of  some 
of  his  divisions  is  clearly  exhibited.  Our  author  further  taxes  the 
leader  of  the  German  school  with  altering  the  meaning  of  well- 
established  descriptive  terms  and  often  overlooking  the  prior  claims 
of  the  nomenclature  proposed  by  French  petrologists,  and  it  is 
impossiVile  to  deny  that  this  protest  is  in  many  instances  a  just  one. 

While  all  geologists  will  sympathize  with  M.  Michel  Levy's  desire 
>  Cf.  de  Lapparcnt,  Bui.  Soc.  660I.  Fr.  (3)  zvii.  p.  282 ;  1889. 
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for  a  classification  of  igneoas  rooks  which  shall  he  natural  and  so 
independent  of  all  hypotheses,  many  will  doubt  whether  such  a 
system  is  yet  possible.  Any  well-established  facts  connecting 
particular  types  of  rocks  with  special  modes  of  occurrence,  depths  of 
consolidation »  or  even  succession  in  geological  time  or  restriction 
within  '  petrographical  provinces,'  might  well  claim  to  be  taken  into 
account  in  a  natural  classification ;  but  are  geologists  agreed  on  any 
of  these  points?  M.  Michel  Levy  replies  in  the  negative.  The 
Wemerian  heresy,  from  which  the  German  petrologists  have  not  yet 
fully  recovered,  had  it  been  true,  would  have  afforded  an  impregnable 
system  of  classification.  Other  systems,  suoh  as  von  Hichthofen's 
'natural  classification  of  volcanic  rocks,'  have  been  founded  on  a 
similar  assumed  generality  of  a  local  succession.  If  future  researches 
should  bring  to  light  general  principles  which  will  stand  the  test 
of  particular  applications,  petrology  will  certainly  be  placed  on 
a  more  philosophical  footing.  Meanwhile  a  classification  like  that 
of  our  author,  founded  on  mineralogical  and  structural  characters, 
the  ultimate  causes  of  which  are  only  vaguely  foreshadowed,  cannot, 
however  useful,  claim  to  be  a  natural  one. 

The  author  is  of  opinion  that  the  mode  of  occurrence  of  eruptive 
rocks  is  not  sufficiently  closely  connected  with  their  structure  to  be 
taken  into  account  in  a  rational  classification ;  but  when  he  attacks 
the  current  division  between  plutonic  and  volcanic  rocks,  his  position 
is  seriously  weakened  by  his  admission  that  such  a  grouping  agrees 
in  the  main  with  his  own,  founded  on  purely  structural  characters. 
Again,  the  intermediate  class  of  'dyke-rocks,'  to  which  he  also 
objects,  appears  in  practice  to  be  a  very  convenient  one.  Whether 
its  limits,  as  defined  by  Kosenbusch,  are  well  chosen,  is  a  different 
question.  Doubtless  some  geologists  would  prefer  to  include  in  it 
the  diabases,  which,  as  structurally  distinguished  from  the  dolerites, 
are  characteristically  found  in  dykes,  sills,  and  small  laocolites : 
others,  with  M.  Michel  Levy,  would  exclude  some  of  the  so-called 
acid  ganggeBteine. 

Our  author  expresses  a  hope  that  his  somewhat  bizarre  symbolic 
notation  may  serve  to  bridge  over  the  gap  pending  a  unification  of 
petrological  nomenclature ;  but  it  appears  a  little  complex  and  very 
likely  to  suffer  in  hasty  writing,  and  it  may  be  doubted  whether  it 
will  commend  itself  to  the  geologist  any  more  than  to  the  printer. 
In  the  tabular  exposition  of  the  classification  of  Fouque  and  Levy, 
however,  it  gives  a  degree  of  precision  which  wuuld  not  otherwise 
he  attainable  without  lengthy  descriptions.  A.  IL 
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I—Dea  18,  1889.— W.  T.  Blanford,  LL.D.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read  : — 

1.  "  On  the  Occurrence  of  the  Genus  GirvaneJla,  and  remarks  on 
Oolitic  Structure,"     By  E.  Wethered,  Esq.,  F.G.S. 

The  author  referred  to  his  previous  work,  wherein  he  had  B\io^xi 
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thai  Gtrvandfa  is  not  oonfined  to  Silorian  rocks,  and  that  as  a  ro< 
forming  organism  it  is  more  important  than  was  supposed,  occarri 
in  the  Gloucestershire  Pea-grit,  and  also  in  the  Coralline  Oolite 
Weymouth.  He  now  dealt  more  in  detail  with  its  occurrence  (1) 
the  Carboniferous  OoUiic  Ldmeatone ;  and  (2)  in  the  Jurassic  Oolii 

In  the  Carboniferous  Limestone  of  the  Avon  valley,  oolitic  liu 
stone  occurs  on  four  horizons,  in  three  of  which  the  oolites  rest 
dolomite.  In  none  of  these  thi*ee  oases  are  there  signs  of  Oirvaud 
From  beds  partly  oolitic,  and  not  resting  on  dolomite,  he  has  be 
able  to  determine  two  new  species.  The  oolite  not  assooiated  wi 
dolomite  is  less  crystalline,  and  the  original  structure  is  bet 
preserved. 

In  referring  to  G.  piaoJilica,  he  discussed  whether  Qirvandia 
most  allied  to  the  '*  Challenger  "  Foraminifer,  Hyperammina  vaga 
or  to  Syringammina  fragilissima.  Traces  of  the  organism  occur 
the  Cfypeua-grity  but  none  are  quoted  from  the  beds  of  the  Grt 
Oolite,  nor  from  the  Portland  Oolite.  The  author  had  already  sho^ 
that  the  pisolites  in  the  Coralline  Oolite  of  Weymouth  were  i 
concretions,  but  forms  of  GirvaneUa,  Excluding  these,  he  show 
that  the  spherules  are  of  four  types,  of  which  one  is  the  ordini 
oolitic  granule,  while  each  of  the  others  suggests  the  presence 
Oirvanella. 

The  characters  of  the  genus,  as  seen  under  the  microscope,  w< 
indicated,  and  four  new  species  were  described. 

2.  "  On  the  Relation  of  the  Westleton  Beds  or  '  Pebbly  Sands ' 
Suffolk  to  those  of  Norfolk,  and  on  their  extension  inland,  with  so: 
observations  on  the  Period  of  the  final  Elevation  and  Denudation 
the  Weald  and  of  the  Thames  Valley."  Part  II.  By  Prof.  Jose 
Prestwich,  M.A.,  D.C.L.,  F.R.S.,  F.G.S. 

The  author  having,  in  the  first  part  of  this  paper,^  discnsf 
the  relationship  of  the  Westleton  Beds  to  the  Crag  Series  and 
the  Glacial  Deposits,  proceeded  in  the  present  contribution  to  c< 
sider  the  extension  of  the  Westleton  Beds  beyond  the  area  of  t 
Crag,  and  described  their  range  inland  through  Suffolk,  East,  Wc 
and  South  Essex,  Middlesex,  North  and  South  Hertfordshire,  Soi 
Buckinghamshire,  and  North  and  South  Berkshire,  noticing  th 
relationship  to  the  overlying  Glacial  beds,  where  these  were  i 
veloped,  and  the  manner  in  which  they  reposed  upon  older  depos 
He  gave  an  account  of  the  heights  of  the  various  exposures  abc 
Ordnance  Datum,  and  mentioned  the  relative  proportion  of  I 
different  constituents  in  various  sections,  thus  showing  that  in  th 
southerly  and  westerly  extension  they  differed  both  in  oompositi 
and  in  mode  of  distribution  from  the  Glacial  deposits.  Distincti 
was  also  made  between  the  Westleton  Beds  and  the  Brentwood  Be 

Attention  was  next  directed  to  the  occurrence  of  the  Westlet 
Series  south  of  the  Thames,  in  Kent,  Surrey,  and  Hampshire,  a 
their  possible  extension  into  Someraetshire  was  inferred  from  I 
character  of  the  deposits  on  Kingsdown  and  near  Clevedon. 

In  tracing   the   deposits   from   the   east  coast  to  the   Berksh 
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Downs,  it  was  noticed  that  at  the  former  place  the  beds  lay  at  sea- 
level,  bat  ranging  inland,  they  gradually  rose  to  heights  of  from  500 
to  600  feet ;  that  in  the  first  instance  they  underlay  all  the  Glacial 
deposits,  and  in  the  second  they  rose  high  above  them,  and  their 
seeming  subordination  to  the  Glacial  series  altogether  disappeared  ; 
thus  at  Braintree,  where  the  Westleton  Beds  were  largely  developed, 
they  stood  up  through  the  Boulder-clay  and  gravel  which  wrapped 
round  their  base,  whilst  further  west,  where  they  became  diminished 
to  mere  sbingle-beds,  they  attained  heights  of  from  350  to  400  feet, 
capping  London-clay  hills,  where  the  Boulder-clay  lay  from  80  to  100 
feet  lower  down  the  slopes,  the  difference  of  level  between  the  two 
deposits  becoming  still  greater  in  a  westerly  direction,  until  finally 
the  Boulder-clay  disappeared. 

The  origin  of  the  component  pebbles  of  the  beds  was  discussed, 
and  their  derivation  traced  (1)  to  the  beds  of  Woolwich  age  in  Kent, 
N.  France  and  Belgium,  and  possibly  to  some  Diestian  beds,  (2)  to 
the  older  rocks  of  the  Ardennes,  (3)  to  the  Chalk  and  older  drifts, 
and  (4)  to  the  liower  Greensand  of  Kent  and  Surrey,  or  in  part  to 
the  Southern  drift. 

The  marine  nature  of  the  beds  was  inferred  from  the  included 
fossils  of  the  type-area,  and  the  absence  of  these  elsewhere  accounted 
for  by  decalcification. 

The  southward  extension  of  the  beds  was  shown  to  be  limited 
by  the  anticlinal  of  the  Ardennes  and  the  Weald,  and  the  scanty 
palaeontological  evidence  of  the  nature  of  that  land  was  noted,  and 
the  possible  existence  of  the  Scandinavian  ice-sheet  to  the  north  was 
referred  to  in  connexion  with  the  disappearance  of  the  beds  in  that 
direction. 

From  the  uniform  character  of  the  Westleton  shingles  the  author 
maintained  that  they  must  originally  have  been  formed  on  a  com- 
paratively level  sea-floor,  and  that  the  inequalities  in  distribution 
had  been  produced  by  subsequent  differential  movement  to  the 
extent  of  500  feet  or  more  to  the  north  and  west  above  that 
experienced  to  the  east  and  south,  where  the  chronological  succession 
remained  unbroken,  also  that  the  inequalities  below  the  level  of  the 
Westleton  beds  had  been  produced  since  the  period  of  their  deposition, 
as,  for  instance,  the  gorge  of  the  Thames  at  Pangbourne  and  Goring, 
and  most  of  the  Preglacial  valleys  in  the  district ;  furthermore, 
evidence  was  adduced  in  favour  of  the  formation  of  the  escarpments 
of  the  Chalk  and  Oolites  since  Westleton  times,  whilst  certain 
observations  supplied  data  for  estimation  of  the  relative  amounts  of 
pre-  and  post-glacial  denudation  of  the  valleys. 

It  was  stated,  in  conclusion,  that  the  time  for  the  vast  amount  of 
denudation  was  so  limited  that  it  was  not  easy  to  realize  that  such 
limits  could  suffice,  but  the  author  did  not  see  how  the  conclusions 
which  he  had  arrived  at  could  well  be  avoided. 


IL— January  8,  1890.— W.  T.  Blanford.  LL.D.,  F.R.S.,  President, 
in  the  Chair. — The  following  communications  were  read: — 

1.  **  On  some  British  Jurassic  Fish-remains  referable  to  the  Genera 
Enrycormus   and  H ijpsocormus,'^    By  A.   Smith  Woodvfaid,  Y.Gk.^. 
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Hitherto  our  knowledge  of  the  Upper  Jarasnc  Fish-fauna  has 
heen  mainly  derived  from  apecimena  found  in  fine  lithographio  stones, 
where  the  various  elements  are  in  a  state  of  extreme  oompreasioo. 
Within  the  last  few  years  remains  of  similar  fish  have  been  dis- 
covered in  the  Oxford  and  Kimeridge  Clays  in  England,  and  these 
are  of  value  for  precise  determination  of  certain  skeletal  features  in 
the  genera  to  which  they  belong. 

I'he  author  described  Eurycormus  grandis  from  the  Kimeridge 
Clay  at  Ely,  a  large  species  which  makes  known  for  the  first  time 
the  form  and  proportions  of  several  of  the  head-bones  in  this  genus. 
A  technical  description  of  all  the  bones  the  characters  of  which  are 
distinguishable  was  given,  and  the  author  concluded  that  there  is 
considerable  similarity  between  the  head  of  Eurycormus  and  the 
recent  Ganoid  Amia,  even  to  minute  points  of  detail. 

He  further  described  Hypsocormus  tenuirostris  and  H,  Leedsii 
from  the  Oxford  Clay  of  the  neighbourhood  of  Peterboro',  the  oste- 
ology of  this  genus  not  having  as  yet  been  elucidated.  Portions  of 
the  jaws  have  been  discovered,  affording  valuable  information  as  to 
the  form  and  dentition  of  the  principal  elements. 

These  jaws  are  not  precisely  paralleled  by  any  other  Jurassic 
genus,  though  they  possess  a  resemblance  to  PachyeormuSf  as  also 
to  the  Upper  Cretaceous  genus,  Protosphyrana. 

2.  "  On  the  Pebidian  Volcanic  Series  of  St  Davids."  By  Prof. 
C.  Lloyd  Morgan,  F.G.S. 

The  Relation  of  Pebidian  to  Cambrian. — There  are  four  localities 
where  the  junction  is  described — Caerbwdy  Valley,  St  Non'a  Bay, 
Ogof  Golchfa,  and  Ramsey  Sound.  The  stratigraphy  of  the  second 
of  these  was  given  with  much  detail,  and  illustrated.  The  author 
concluded  that  here,  together  with  clear  signs  of  local  or  contem- 
poraneous erosion,  the  general  parallelism  of  the  strike  of  Pebidian 
and  Cambrian  is  most  marked.  There  is  no  evidence  of  any  bending 
round  of  the  conglomerate  against  the  strike  of  the  Pebidians.  l*he 
stratigraphical  evidence  in  each  of  the  localities  having  been  con- 
sidered, together  with  the  evidence  offered  by  the  materials  of  the 
Cambrian  conglomerate  and  local  interstratification  with  the  volcanic 
beds  (the  interdigitation  at  Carnarwig  being  well  marked),  he  con- 
cluded that  there  was  no  great  break  between  the  conglomerate  and 
the  underlying  Pebidians.  The  uppermost  Pebidian  already  fore- 
shadowed the  sedimentary  conditions  of  the  Harlech  strata,  and  the 
change  emphasized  by  the  conglomerate  was  one  that  followed 
volcanic  conditions  after  no  great  lapse  of  time. 

Hence  the  relation  of  the  Pebidian  to  the  Cambrian  is  that  of  a 
volcanic  series,  for  the  most  part  submarine,  to  succeeding  sedi- 
mentary strata — these  strata  being  introduced  by  a  conglomerate 
formed  in  the  main  of  foreign  pebbles  borne  onward  by  a  current 
which  swept  the  surface  of,  and  eroded  channels  in  the  volcanic 
tuffs  and  other  deposits.  He  was  disposed  to  retain  the  name 
Pebidian  as  a  volcanic  series  in  the  base  of  the  Cambrian  system. 

llie  Pebidian  Succession, — With  the  exception  of  some  cinder-beds, 
which  appear  to  be  subaerial,   the  whole  series  was  accumulated 
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under  water.  There  is  no  jnstifioation  for  making  separate  sab- 
divisions  ;  the  series  consists  of  alternating  beds  of  tufif  of  varying 
colour  and  basicity,  the  prevailing  tints  being  dark  green,  red-grey, 
and  light  sea-green.  In  the  upper  beds  there  is  an  increasing 
amount  of  sedimentary  material,  and  more  rounded  pebbles  are  found. 
Basic  lava-flows  ooour,  for  the  most  part,  in  the  upper  beds.  Detailed 
work,  laid  down  on  the  6-inch  Ordnance  Map,  appears  to  establish 
a  series  of  three  folds — a  northern  anticline,  a  central  syncline,  and  a 
southern  anticline — folded  over  to  form  an  isocline,  with  reversed 
dips  to  the  S.E.  The  axis  of  folding  is  roughly  parallel  to  the  axis 
of  St  David's  promontory.  The  total  thickness  is  from  12o0  to 
1500  feet  The  author  had  failed  to  find  the  alleged  Cambrian 
overlap.  ''The  probabilities  are  that  it  is  by  step-faults  between 
Bhoson  and  Perth  Sele,  and  not  by  overlap,  that  the  displacement 
of  the  conglomerate  has  there  been  effected."  Also  at  Ogof  Goch 
it  does  not  rest  upon  the  quartz- fel site  breccia  and  sheets  (group 
C  of  Dr.  Hicks),  but  is  faulted  against  them.  A  section  was  devoted 
to  the  felsitio  dykes,  and  it  was  suggested  that  they  may  be  volcanic 
dykes  of  Cambrian  age. 

The  Relation  of  the  Pebidtan  to  the  Dimettan, — The  author  has 
not  been  able  to  satisfy  himself  of  the  existence  of  the  Arvonian  as 
a  separate  and  distinct  system.  He  notes  the  junction  of  Pebidian 
and  Dimetian  in  Porthlisky  Bay  and  the  Allen  Valley  at  Porth 
Clais,  at  neither  of  which  places  are  there  satisfactory  evidences  of 
intrusion*  At  Ogof  Llesugn  the  intrusive  character  of  the  Dimetian 
was  strongly  impressed  upon  him.  He  criticized  the  mapping 
of  Dr.  Hicks,  and  pointed  out  the  difficulties  which  present  them- 
selves in  the  way  of  mapping  the  Dimetian  ridge  as  Pre-Cambrian. 
He  pointed  out  that  not  a  single  pebble  of  Dimetian  rock,  such 
as  those  now  lying  on  the  beach  in  Porthlisky  Bay,  is  to  be  foimd 
in  the  conglomerate.  He  concluded  that  the  Dimetian  is  intrusive 
in  the  southern  limb  of  the  isocline,  and  that  there  are  no  Arcbsean 
rocks  in  situ. 

OBIa?"L^.A.i^l^. 


EUGENE    EUDES-DESLONGCHAMPS. 

BORN  1830;  DIED  1889. 

We  regret  to  have  to  record  the  death  of  M.  Eugene  Eudes- 
Deslongchamps,  which  occurred  at  Chateau  Matthieu,  Calvados,  on 
the  21st  of  December,  1889.  M.  E.  Eudes-Deslongchamps,  who 
was  bom  in  1830,  early  took  an  interest  in  scientific  pursuits,  and  at 
tlie  age  of  twenty-three  joined  the  Linnean  Society  of  Normanrly,  of 
which  his  father  M.J.  A.  Eudes-Deslongchamps  was  one  of  the  original 
founders ;  he  became  at  once  a  regular  contributor  to  the  Society*s 
Bulletin,  and  though  he  commenced  work  with  ornithology,  this 
group  did  not  long  monopolize  his  attention,  his  writings  at  this 
period  dealing  with  Jurassic  Geology,  the  Cirripedia,  Mollnsca, 
Brachiopoda,  and  an  elaborate  memoir  on  the  Fossil  Mammalia  of 
Caen.  In  1856  he  published,  in  conjunction  with  his  father,  a 
French  translation  of  the  Introduction  to  Davidson's  British  Foml 
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Brachiopoda.  About  this  time  he  accepted  the  chair  of  Zoology  at 
the  Faoulte  des  Sciences  of  Caen,  with  which  institution  he  was 
connected  for  many  years,  and  he  subsequently  became  in  addition 
Professor  of  Geology  and  Dean  in  1861.  His  work  had  already 
secured  for  him  a  wide  reputation  both  at  home  and  abroad,  and  he 
was  elected  Correspondent  of  the  Institut  and  Corresponding  Mem- 
ber of  the  Society  of  Naturalists  of  Moscow  and  of  the  Geological 
Society  of  London.  In  1863  he  was  appointed  Secretary  of  the 
Linnean  Society  of  Normandy,  a  post  which  he  held  till  1867,  after 
which  he  served  for  a  year  as  Corresponding  Secretary. 

In  1864  he  published  as  a  Doctoral  l*hesis  his  greatest  stmti- 
graphical  work,  *'  Etudes  sur  les  etages  Jurassiques  inferieurs  de  la 
Normaudie  " ;  in  the  same  year,  the  best  results  of  his  zoological 
researches  were  issued  in  his  *'Recherches  sur  Torganisation  du 
Manteau  ohez  les  Brachiopodes  Articules,"  to  the  application  of  which 
to  the  classification  of  the  group  he  frequently  returned,  but  which 
he  did  not  live  to  complete. 

After  his  father's  death  in  1867,  the  younger  Eudes-Deslong- 
champs  devoted  himself  to  the  completion  of  the  researches  of  the 
former  on  the  Teleosaurs ;  his  **  Prodrome  des  Teleosauriens  du 
Calvados  "  was  probably  his  most  important  contribution  to  science, 
as  it  has  formed  the  basis  of  all  subsequent  work  on  that  family, 
and  the  genera  Metriorhyuchus,  TeUidosauruB,  FelagosauruSy  and 
Sleneosaurus  were  either  founded  or  first  really  defined  in  it  During 
the  next  ten  years  Eudes-Deslongcharaps  was  at  work  on  vanous 
subjepts,  and  a  list  of  papers  on  the  recent  and  fossil  mollusca  of 
Normandy,  the  Brachiopods,  the  Cetacea,  the  Teleosaurians,  with 
some  botanical  work,  shows  the  wide  range  of  his  interests.  He 
began  also  "  Le  Jura  Normand,"  of  which,  however,  only  a  few 
numbers  were  issued.  A  visit  to  the  Brighton  Aquarium,  when  that 
institution  was  at  its  best,  inspired  Eudes-Deslongchamps  to  agitate 
for  the  establishment  of  the  Zoological  station  and  laboi^tory  at 
Luc-sur-Mer ;  he  was  director  of  this  for  some  years,  and  in  con- 
nection with  it,  did  much  good  dredging  work  in  the  Channel,  in 
his  yacht,  the  "Emma." 

In  1878  he  resumed  his  connection  with  the  Linnean  Society  of 
Normandy,  and  was  in  the  same  year  elected  to  the  Presidency,  a 
post  to  which  he  was  again  called  in  1886. 

M.  Eugene  Eudes-Deslongchamps  was  perhaps  one  of  the  last 
of  the  old  school  of  all-round  naturalists  ;  as  was  necessary  for  one 
who  had  devoted  his  life  to  the  study  of  the  whole  natural  history 
of  so  varied  and  extensive  a  country  as  Normandy,  he  was  by  turn 
botanist,  zoologist,  geologist,  and  archsBologist ;  he  was  always  ready 
to  investigate  whatever  problem  turned  up  next,  and  he  seemed 
equally  pleased  to  tackle  deformed  Fuchsias  or  Jurassic  Crocodiles, 
Brachiopod  histology  or  the  correlation  of  the  French  Jurassics — 
any  subject  in  fact  that  was  connected  with  his  beloved  Normandy, 
Amongst  the  scientific  workers  of  that  province  he  can  ill  be  spared, 
and  the  death  of  a  naturalist  of  such  wide  and  varied  experience 
will  cause  a  gap  in  the  Linnean  Society  of  Normandy  that  it  will 
be  difficult,  if  not  impossible,  to  fill. 
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I. ^NOTES   ON   THE   PALEONTOLOGY   OF  WESTERN   AlTSTRALIA. 

Introductory, 

APART  of  the  fossils  described  in  the  accompanying  paper  were 
presented  to  the  British  Museum  (Natural  History)  by  the 
late  Mr.  Edward  T.  Hardman,  F.G.S.,  F.RG.S.L.  in  December, 
1886 ;  *  having  been  collected  by  him  during  his  exploration  of  the 
Eimberley  District  of  Western  Australia,  in  1883.  Some  additional 
specimens,  forming  a  part  of  this  collection,  have  been  obligingly 
forwarded  to  me  by  Professor  Edward  Hull,  LL.D.,  F.RS.,  Director 
of  the  Geological  Survey  of  Ireland;  having  been  found,  since  Mr. 
Hardman's  death,  in  the  Survey  Office,  Dublin. 

A  collection  of  Carboniferous  Fossils  has  since  been  received 
from  Mr.  Harry  P.  Woodward,  F.G.S.,  F.R.G.S.,  the  Government 
Greologist  for  Western  Australia,  which  were  obtained  by  him 
whilst  exploring  the  Gascoyne  River  District  and  the  Victoria  Dis- 
trict of  the  Irwin  River.  I  have,  moreover,  been  favoured  with  a 
fine  slab  of  sandstone,  full  of  shells  of  Spin/era  lata,  M*Coy  (Plate 
VI.),  from  the  Carboiiilerons  formation  of  the  Lyons  River,  Western 
Australia;  collected  by  the  Hon.  John  Forrest,  C.M.G.,  and  for- 
warded to  me  by  the  Rev.  J.  G.  Nicolay,  of  Fremantle,  to  whom  I 
am  already  indebted  for  the  opportunity  of  describing  the  spine  of 
Edestus  Davisti  from  the  Carboniferous  of  the  same  region  (see 
Gkol.  Mag.  1886,  Dec.  IIL  Vol.  IIL  pp.  1-7,  PI.  I.). 

The  descriptions  of  the  Brachiopoda,  Mollusca,  eto..  have  been 
moat  carefully  drawn  up  by  Mr.  Arthur  H.  Foord,  F.G.S.  (late 
Assistant- Palaeontologist  to  the  Geological  Survey  of  Cana<la) ;  a 
brief  note  on  the  Plant-remains  is  given  by  Mr.  R.  Kidston,  F.R.S.E., 
F.G.S.  A  description  of  the  Stromatoporoids  in  the  Collection  by 
Prof.  H.  Alleyne  Nicholson,  M.D.,  F.G.S.,  and  of  the  Corals  and 
Polyzoa  by  Dr.  George  J.  Hinde,  F.G.S.,  will  follow. 

()n  behalf  of  my  son  (Mr.  Harry  P.  Woodward)  I  have  to  express 
my  thanks  to  these  gentlemen  for  their  most  valuable  contributions 
towards  the  description  of  the  fossils  of  Western  Australia,  and  to 
my  friend  Mr.  Robert  Etheridge,  jun..  Palaeontologist  to  the  Austra- 
lian Museum,  Sydney,  N.  S.  Wales,  for  kindly  allowing  me  to  con- 
sult the  proofs  of  plates  and  explanations  thereof  in  MS.,  of  his  as 
yet  nnpublished  work,  with  Mr.  R.  L.  Jack,  F.G.S.  (Government 
Geologist),  on  the  Fossils  of  Queensland,  Australia,  many  of  which 
W  a  very  close  resemblance  to  those  of  Western  Australia. 

Bbitibh  Museum  (Natural  History),  Henry  Woodward. 

Cbomwbll  Road,  Feb,  15,  1890. 

*  After  tha  close  of  the  Colonial  Exhibition. 
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DXSGBIFTION  OF  FoSBILS  FROM  THE  ElMBEBLBT  DlSTRIOT,^  WeSTIRN 

Australia. 

By  Arthur  H.  Foord,  F.O.S. 
(PLATES  IV.  and  V.) 

I.  CAMBRIAN. 

PTi:ilOPODA. 

Salterella  Hardmani  (Etheridge,  Jud.,  MS.)»  sp.Dov.     Plate  IV. 

Figs.  1,  la,  16. 

Several  of  the  tubes  of  this  singular  genus  are  exposed  in  section 
on  the  weathered  (water- worn?)  surface  of  a  pieoe  of  limestone. 
The  tubes  are  of  an  elongate  conioal  form,  rather  rapidly  tapering, 
and  straight  or  slightly  curved,  the  longest  about  10  lines;  each 
contains  several  smaller  tubes  one  within  the  other,  the  last  of  these 
little  hollow  cones  being  the  chamber  of  habitation.  The  shell  is 
thick,  and  has  consequently  not  been  crushed,  two  or  three  of  the 
inner  tubes  retaining  their  cylindrical  form,  as  seen  in  the  section 
Fig.  16. 

The  present  species  is  distinguished  by  its  slowly  tapering, 
smooth  (?),  and  nearly  straight  shell.  It  most  nearly  resembles 
the  Salterella  pulchella  of  Billings  (Geol.  of  Vermont,  1861,  vol.  ii. 
p.  955;  also  Palaeoz.  Foss.  (Billings),  1861,  vol.  i.  p.  18),  carefully 
described  and  figured  by  Walcott  in  the  Bulletin  of  the  United 
States  Geological  Survey,  No.  30,  1886,  p.  144,  pi.  xiii.  figs.  3,  3a. 

The  genus  Salterella  was  regarded  by  Billings,*  its  author,  as 
" allied  to  Serpulites*'  though  he  considered  it  " suflBciently  distinct 
therefrom  to  constitute  a  distinct  genus."  He  subsequently  (Geol. 
of  Canada,  1863,  Appendix,  p.  949)  placed  Salterella  with  the 
Pteropoda,  and  was  followed  in  this  by  Dana  (Manual  of  Geology, 
1863,  p.  187),  Barrande  (Syst  Sil.  de  la  Bohdme,  1867,  vol.  iii.  pt.  i. 
p.  137),  and  Zittel  (Handbuch  der  Paleeontologie,  Abth.  L  Lief.  ii.| 
1882,  p.  315). 

The  most  instructive  observations  that  have  recently  been  made 

^  The  following  is  Mr.  E.  T.  Hardman*8  classification  of  the  rocks  in  this  District :  — 

AQUEOUS    HOCKS. 

Upper  Tertiary. 
Carboniferois. 

a.  Sandstone. 

b.  Limestone. 
Devonian. 

METAMORPHIC  ROCKS. 

Volcanic  (probably  Devonian). 
Plutonic  (Post- Silurian). 

INTRUSIVE. 

• 

See  his  reports  on  the  Geology  of  the  Eimberley  District,  "Western  Australia  (Perth, 
W.  A.,  1884  and  1885 ;  with  lists  of  fossils,  rocKs,  and  minerals,  maps  and  plates). 

»  PalsBOzoic  Fossils,  vol.  i.  1861-66,  p.  17  (186n.  Mr.  Billings  originally 
described  three  species,  viz.  S.  pulchella^  6'.  rugota^  and  S.  obtusa^  but  the  last  is, 
aocoiding  to  the  excellent  authority,  C.  D.  Walcott,  a  species  of  Eyolitke9. 
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upon  ibis  genus  are  thoae  of  C.  D.  Waloott,^  who  remarks  that 
"the  genera  Canularta^  HyoUthelluSf  Coleoprion,  Coleolus,  Hemiceras, 
SaltereUa,  Pieroiheca^  Phragmotheea,  Matthevia,  and  perhaps 
PalcBnigma,  form  a  group  that,  although  representative,  in  a  measure, 
of  the  recent  Pteropoda,  di£fer  in  other  respeots  so  much  that  it 
appears  as  though  a  division  of  the  Gasteropoda  equivalent  to  the 
Pteropoda  might  be  consistently  made  to  receive  them."  Walcott 
constitutes  a  Family — SalterellidsB — for  the  reception  of  Salterella; 
the  rest  of  the  families  belonging  to  this  Palaeozoic  group  being 
Hyolithellidas,  Tentaculidsd,  Conularidas  (SalterellidsB),  Matthevidas, 
and  Pterothecidsd. 

Describing  the  genus  Salterella,  Walcott  remarks  that  **  the  shells 
of  the  species  of  this  genus  are  strong  and  comparatively  thick,  much 
more  like  those  of  Tentaeulites  than  SerpMtes**  and  he  adds,  ''  I  am 
inclined  to  agree  with  M.  Barrande '  that  the  relations  of  the  genus 
are  with  Tentacvlites  and  HyoliteB.*' 

The  species  of  Salterella  found  in  Canada  are  from  the  Middle 
Cambrian  (G^eorgia  Group,  of  Walcott^) ;  the  British  species,  Salterella 
(Serpulitea)  MacetUlochii,  Salter,  is  found  in  the  Durness  Limestone 
of  Satherlandsbire,  a  somewhat  higher  horizon. 

Locality, — Kimberley  District. 

CHUSTACEA. 
PCECILOPODA. 

0limbi<i«t78  ?  FoBRKSTi  (Etheridge,  jun.,  sp.,  MS.),  n.sp.    PI.  IV. 

Figs.  2,  2a,  26. 

The  specimen  representing  this  species  consists  only  of  that  part 

of  the  bead  which  is  contained  within  the  free  cheeks.     The  general 

outline  of  the  head  was  probably  semicircular  and  rather  strongly 

convex ;  it  was  bordered  by  a  narrow,  rounded  rim,  only  the  front 

part  of  which   is  preserved,  as  seen  in  the  figure.     The  glabella, 

which  is  somewhat  damaged,  is  of  an  elongate  conical  form,  widening 

gradually  from  the  posterior  to  the  anterior  extremity ;  the  front  of 

it  almost  touching  the  marginal  rim.     Four  pairs  of  glabella  furrows 

are  present,   the   front   pair  very  faintFy  marked.     The   eyes  are 

elongate,  narrow,  and  extend  in  a  broad  arch   from  opposite  the 

front  or  anterior  glabellar  lobe  to  the  occipital  furrow.     The  space 

between  the  eye-lobes  and  the  glabella  is  slij^htly  elevated.     The 

occipital  segment  is  apparently  destitute  of  a  spine. 

On  the  weathered  surface  of  a  similar  limestone  rock,  and  from  the 
same  locality  as  the  head  just  described,  there  is  a  short  spine  (Fig. 
2a)  probably  belonging  to  the  present  species ;  if  so,  it  would  be 
the  telson.  In  another  piece  of  limestone  similar  to  those  containing 
the  head  and  telson  there  is  a  portion  of  a  thoracic  segment  (Fig.  26), 
which  agrees  in  form  with  the  first  two  segments  of  an  Olenellm ; 
this  may  also  belong  to  the  present  species. 

'  Second  Contribution  to  the  Studies  on  the  Cambrian  Faunas  of  North  America, 
Boll.  United  States  Geol.  Surv.  No.  30,  1886,  pp.  131,  143. 

*  Syst  Sil.  de  la  Boheme,  1867,  vol.  iii.  p.  138. 

'  Second  Contribution  on  the  Cambrian  Faunas  of  N.  America,  Bull.  U.S.  Geol. 
SwY.  No.  30,  1886,  pp.  20-24. 
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The  oonioal  form  of  the  glahella  of  0.  ?  Forresfi  woald,  at  first 
eight,  an^^Bt  it«  affinity  with  Flyehoparia  ("  Conocephalites '),  bnt 
the  shape  and  poeition  of  the  eye-lobes  contradiots  any  snoh  cod- 
claeion.  From  Olenellut  _it  differs  too  in  its  oonioal  glabella,  but  u 
its  charActera  appear  on  the  whole  to  be  Dearer  to  that  genus  than 
to  any  other,  I  have  placed  it  therein. 

Locality. — "  River  south  of  base  line ;"  Eimbetley  District. 

II.  DEVONIAN. 

BRACmOPOLA. 

Spibipbba?     Plate  V.  Fig.  1. 

This  specimen  is  loo  imperfect  to  warrant  any  cnnclnsion  bb  to 

its  affinities.     It  is  a  fragment,  apparently  of  a  Tentral  valve,  with 

a  deep  mesial  sinus  and  prominent  beak.     The  shell,  which  has  lost 

the  outer  layer,  is  quite  emooth  and  of  a  silky  appearance;  some 

fine  radiating  strife  are  seen  near  the  umbo. 

Locality. — Ml  Pierre,  near  the  Fitzroy  River,  Kimberjey  District, 
in  a  coarse  calcareous  griL' 

Atbtpa  betioulabis,  LinnRUS. 

1861.  Atrypa  relinilarii,  DaridBon,  Britidi    FoM.   Bracb.,  Yol.  iii.   partTJ.  p.  S3, 

pi,  I.  fig..  3,1. 
1877,  Mrypa  rtCicularit,  dfl  Koninck,  Rech.  fax  lea  FoM.  PalJoi.  de  la  NooTsUca- 

Uallea  du  Sud  [Auatralie),  pt.  it.  p.  97. 

1877.  Spirtgcra  riticutarii,  M'Uoj,  in  Bep.  of  Progresa,  Geol.  Snrr.  of  Vietorii, 

p.  IfiS. 

1878.  Alryptt  rrtieularii,  F-iheridge,  jui 
IHSO.  Atrypa  reticularii,  Etberidge.  jun 

Tol.  T.  p.  312,  pi.  Tii.  fig.  2. 
This  well-known  and  cosmopolitan  species  has  already  been  found 
on  the  Australian  Continent,  at  Yass  and  Kempaey,  New  South 
Wales,  and  Bindi,  Victoria.  Its  discovery  in  the  Kimberley  District 
indicates  the  presence  there  also  of  rocks  of  Devonian  age,  as  it  is 
not  known  to  occur  above  that  horizon.     The  Epecimens,  though 


immature,  exhibit  all  the  external  characterg  of  this  easily  recc^ized 
form.  One  of  them  is  figured  in  the  accompanying  Woodcut,  in 
which  a  represents  the  ventral  and  b  the  dorsal  aspect  of  the  shell. 
At  the  same  locality  (Mount  Pierre)  there  occur  also  two  well- 

'  For  the  hiatory  of  the  generic  name*  Ceaecfphalut,  Cenoanypie,  Plyehoparit 
andOmMepAsiihi.Me  Bull.  United  States  Gcol.Surv.,  No.  ID.  ISS4;  C.  D.  Walcott, 
"  On  the  Cambrian  Faunaa  of  North  America,"  p.  34.  See  also  Dr.  H.  Woodwiird, 
on  the  lame  subject,  in  Quart.  Jonrn.  Geol.  Soe.  1889,  vol.  iliv.  p.  77,  footnote. 

*  This  foseil  is  in  a  precisely  Eimilar  mineral  condition  to  the  oihst  Braohiopodi 
(rom  the  aame  locality. 
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Isnown  and  widely  distributed  species  of  BhynchtmellQ,  viz.  B.  pugnua  • 
(two  yarieties),  and  B.  cubotdes,  both  of  which  .eQfCoinence  in  the 
Devonian,  and  pass  np  into  the  Carboniferous.  Thi^se 'species  occur 
also  at  Hough  Range,  the  significance  of  which  fact  will  be  recognized 
farther  on.  The  other  fossils  included  in  the  Devonian- consist  of 
species  of  Spirifera,  Orthoceraa,  and  Ooniatiies,  all  fyOxn'  Mount 
Pierre,  and  although  they  cannot  be  specifically  determined;  their 
occurrence  in  the  same  locality  as  the  Hhynchonellae,  and  in  a'  similar 
matrix,  warrants  the  conclusion  that  they  belong  to  the  same  horizon. 

Mr.  Hardman  notices  the  occurrence  of  Devonian  fossils  on  the 
Margaret  River,  a  tributary  of  the  Fitzroy,  in  his  second  "  Report  ^b  .  , 
the  Geology  of  the  Kimberley  District,"  1886,  p.  17,  but  he  doe^  .'/ 
Dot  say  to  what  species  they  belong.  The  following  is  the  passage  * 
in  his  report  to  which  I  refer : — "The  greater  part  of  the  limestone 
in  this  region  is  very  fossiliferous.  In  several  places  in  Rough 
Hange,  at  Mt  Pierre,  at  Mt.  Erauss,  to  the  south  of  Hull  Range, 
and  in  the  rocks  opposite  to  that  hill  on  the  south  side  of  the 
Margaret,  quantities  of  fossils  of  Carboniferous  age  were  obtained, 
including  Sponges  (Stromatopora)  ;  Corals  of  several  varieties ; 
Annelids,  Spirorbis,  and  SerpulsB;  Polyzoa,  Brachiopods ;  Lamelli- 
branchs  ;  Gasteropods,  and  Cephalopods.  A  few  of  these  fossils  are 
characteristic  of  the  Devonian  rocks,  while  others  with  which  they 
are  associated  are  as  distinctly  Carboniferous.  This  would  denote, 
therefore,  that  these  limestones  belong  to  the  Lower  Carboniferous 
period,  as  it  is  not  uncommon  to  find  beds  in  the  Lower  Carboniferous, 
where  fossils  peculiar  to  both  these  formations  intermingle  to  some 
slight  extent ;  as,  for  instance,  in  the  Lower  Carboniferous  rocks  of 
Ireland,  where  in  the  county  Cork  true  Devonian  fossils  are  found 
along  with  the  more  characteristic  Carboniferous  fossils.** 

It  would  have  been  more  satisfactory  had  Mr.  Hardman  given  the 
names  of  the  Devonian  species  which  he  alleges  to  have  been  found 
intermingled  with  Lower  Carboniferows  ones  in  the  Kimberley 
District.  This  he  has  not  done.  But  besides  the  evidence  of  the 
existence  of  Devonian  rocks  in  this  region  supplied  by  such  a 
characteristic  species  as  Atrypa  retictdarisj  there  is  that  afforded  by 
the  Stromatoporoids  from  liough  Range,  to  be  described  in  a  forth- 
coming paper  by  Dr.  H.  AUeyne  Nicholson,  who  finds  that  they  are 
of  Middle  Devonian  age. 

Rhtnohonella  pugnus,  Martin,  sp.     PI.  V.  Figs.  2,  2a. 

1809.  Conchyl.  Anomitea^  Martin,  Petrificata  Derbiensia,  pi.  xxii.  figs.  4,  6. 

1864.  Rhynehonella  puguuty  Davidson,    British   Devonian   Brach.,  pt.   vi.  p.  63, 

pi.  xii.  figs.  12-14,  pi.  xiii.  figs.  8-10. 
1876.  Rhynehonella  pugnus^    P  de   Eoninck,    Hech.   sur  des   Foss.   Fal6oz.   de  la 

Nouvelles-Galles  du  Sud  (Australie),  pt.  i.  p.  97. 
1875.  Ehynchonella  pugnu*^  Etheridge,  jun.,  Cat.  Australian  Fossils,  p.  54. 

Two  variations  of  this  species  occur  in  the  Collection.  One 
(Fig.  2)  resembles  the  tumid  forms  figured  by  Davidson  in  his 
British  Carboniferous  Brachiopoda  (pl.  xxii.),  the  other  (Fig.  2a), 
the  flatter  and  broader  forms  (var.  aimodonta) ,  figured  on  plate  xii. 
fig.  12  of  that  author's  British  Devonian  Brachiopoda. 

Locality. — Mt.  Pierre,  near  the  Fiizroy  River,  Kimberley  'D'\«Itvc\»* 
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RHTN0H0NEL(jk*xTUB0iDB8,  J.  de  C.  Sowerby,  sp.    PI.  Y.  Fig.  8. 

.1840.  AU-ypa  ^tHe^^  J.  de  C.  Sowerby,  Ttbub.  Qeol,  Soc.  2iid  ser.  toI.  t.  pt  iii. 

p.  iTi;  Ijg.  *24. 
1866.  Mhynchwelld  euhcides^  Dayidson,  BritiBh  DeTonian  Brachiopoda,  pt.  tL  p.  65, 
p}.'jdiii  figs.  17-21. 

This  lipteies  is  represented  by  a  few  very  oharaoteristio  examples. 
LoCaHiy. — Bough  Bange,  opposite  Hull  Kange,  Kimberley  District 

CEPHALOPODA. 
. '-.^  Obthoobrar,  sp.    PL  IV.  Fig.  3. 

"        •  r 

./:' '.The  specimen  presents  a  natural  section  on  the  weathered  surface 
'.•/of  a  mass  of  limestone;  it  is  a  slowly  tapering  fragment  of  the 
-.-...' septate  portion  of  the  shell  3^  inches  long.  The  septa  are 
moderately  concave,  and  from  2  to  2\  lines  distant  from  each  other 
at  the  broader  extremity  of  the  specimen,  where  it  has  a  diameter 
of  5  lines,  the  narrower  end  measuring  only  1  line  in  diameter. 
Nothing  of  the  siphuncle  is  seen. 

It  would  not  be  possible  to  give  any  indication  of  the  specific 
a£Bnitie8  of  such  an  imperfect  fragment. 

Locality, — Mt.  Pierre,  near  the  Fitzroy  River,  Kimberley  District 

GoNiATiTBS,  sp.     Plate  V.  Fig.  4. 

Three  or  four  broken  fragments  are  contained  in  the  Collection, 
in  such  a  condition  as  to  make  it  impossible  to  do  more  than  hazard 
a  conjecture  as  to  their  affinities.  They  appear  to  be  of  the  type  of 
O.  rotatoriuBy  de  Koninck  (Descrip.  des  Anim.  Foss.  de  Belgique, 
1844,  p.  666,  pi.  li.  figs,  la,  16),  judging  by  their  lenticular  form, 
with  almost  closed  umbilicus  and  close-set  sutures,  sharply  bent 
forward  near  the  periphery. 

Locality. — Mt.  Pierre,  near  the  Fitzroy  River,  Kimberley  District 

GoNiATiTES,  sp.     Plate  V.  Fig.  6. 

This  specimen  is  seen  only  in  a  polished  section.  It  is  too 
obscure  for  specific  identity. 

Locality, — Mt.  Pierre,  near  the  Fitzroy  River,  Kimberley  District. 

III.  CARBONIFEROUS. 
(Upper  or  Sandstone  Series  of  E.  T.  Hardman.)' 

PLANTS, 
Plate  IV.  Figs.  4,  4a,  6,  6,  6a,  7,  7a,  8,  8a. 

Mr.  R.  Kidston,  F.R.S.E.,  F.G.S.,  who  has  kindly  examined  the 
plant-remains,  sends  the  following  brief  notes  upon  them  : — "  The 
specimens  are  all  very  badly  preserved,  but  the  Collection  contains 
fragments  of  Lepidodendron  (Figs.  4,  4a),  mostly  reduced  to  the 
"Knorria  condition"';  Stigmaria  (Fig.  6),  rachis  of  ferns  (?),  (Figs. 

*  **  Report  on  the  Geology  of  the  Kimberley  District,'*  1885,  p.  26. 

*  Mr.  kidston  rejects  Kuorria^  and  says  that  *'  the  plants  for  which  it  was  formed 
are  merely  imperfectly  preserved  examples  of  Lepidodendron ^  and  perhaps  also 
individnalB  of  other  genera/'  See  Cat.  PhIsbozoIc  Plants  in  Depart,  of  Geol.  and 
PalBOQt.,  British  Museum  (Nat.  Hist.),  by  H.  Kidston,  F.6.S.,  1886,  pp.  167,  174. 
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6,  6a)y  and  CyperitesAxke  leaf-fragments  (Figs.  7,  7a),  with  many 
examples  of  their  separated  basal  extremities  "  (Figs.  8,  8a). 

Mr.  William  Carruthers,  F.K.S.,  had  suggested  to  Dr.  Woodward 
that  these  thick  triangular  basal  extremities  of  leaves,  which  are 
very  abundant  on  some  pieces  of  shale,  might  perhaps  be  broken-up 
fragments  of  bracts  of  cones  of  Lepidostrohi. 

Localities. — All  the  specimens  are  from  Tarralla  Hill,  near  the 
mouth  of  the  May  Kiver  (King  Sound),  with  the  exception  of  the 
fragments  of  fem-rachis,  which  were  collected  at  Forrest  HilL 

BItACMIOPODA. 

Chonbtes  ?  sp.     Plate  V.  Fig.  6. 

The  ventral  valve  of  a  young  (?)  individual,  separated  from  the 
matrix,  the  external  surface  minutely  pitted,  the  interior  showing 
muscular  impressions.  A  row  of  five  or  six  perforations  on  each 
side  of  the  beak  indicate  that  there  were  spines  along  the  hinge-line, 
though  they  are  not  preserved. 

Locality, — **  Opposite  Mt  Erauss,"  King  Leopold  Ranges,  near 
the  Fitzroy  River,  Eimberley  District 

Stbophalosia  Clarkbi,  Etheridge,  sp.     PI.  V.  Figs.  7,  7a,  8. 

1872.  Frodtutut  Clarkei,  Etheridge,  Quart.  Joum.  Geol.  Sec.  vol.  xxviii.  p.  334, 
pi.  xvii.  figs.  2,  2a,  2b. 

1877.  Produetua  Clarkei^  de  Koninck,  Fossiles  Pal^ozoiques  de  la  NouTelles  Galles- 

du  Sud,  pt.  iii.  p.  203,  pi.  x.  fig.  5,  pi.  li.  fig.  3. 

1878.  Produetu8  Clarkei^  Etheridge,  jun ,  Cat.  Australian  Fobs.  p.  51. 

1880.  Strophalosia  Clarkei^  Etheridge,  jun.,  I*roc.  Roy.  Phys.  Soc.  Edinburgh, 
vol.  V.  p.  28P,  pi.  ix.  figs.  18—21,  pi.  x.  figs.  22—28,  pi.  xi.  figs.  29— 
31,  pi.  xii.  figs.  32,  33. 

Several  detached  dorsal  valves  (Figs.  7,  7a)  occur  in  the  Collection, 
ahowing  beautifully  perfect  interiors.  These  I  have  but  little 
hesitation  in  identifying  with  the  above  species,  which  has  been 
very  amply  figured  and  described  by  my  friend  Mr.  R.  Etheridge, 
jun.,  though  from  very  poor  material.  In  the  same  matrix  and 
from  the  same  locality  there  are  some  convex  valves  (Fig.  8),  which 
may  possibly  be  the  ventrals  of  the  present  species ;  hut  the  outer 
shell  being  entirely  absent,  I  am  unable  to  offer  a  decided  opinion 
about  these  fossils.  The  inner  layer  of  the  shell  remaining  upon 
them  has  a  silky  appearance  and  is  finely  punctate. 

Locality. — **  South-east  of  Mt.  Abbott,"  on  the  Fitzroy  River, 
Eimberley  District,  in  a  yellowish  ferruginous  sandstone. 

LAMELLIBRANCRIA  TA. 
AvicuLOPECTEN  TENUIC0LLI8,  Dana,  sp.     PI.  V.  Fig.  9. 

1847.  Peettn  tenaicoUts^  Dana,  Amer.  Joum.  Sci.,  second  series,  vol.  iv.  p   160. 
1864.  FeeUn  tenuieollis,  Dana,  in  Wilkes's  £xpl.  Exped.  1838  42  (published  1849- 

1854),  vol.  X.  Geology,  p.  705,  Atlas,  pi.  ix.  tig.  7. 
1878.  Avieuiopeeten  tenuicoilttf  R.  Etheridge,  jun.,  Cat.  Australian  Fossils,  p.  67. 
1889.  Avieuiopeeten  tenmceliis^  R.  Ethendge,  jun.,   Proceed.   Linnean  Soc.  New 

South  Walea,  2nd  series,  vol.  iv.  pt.  ii.  p.  203. 

"  Suborbicular,  24-costate,  costae  very  slender,  subacute,  smooth. 
Sulci  shallow,  nearly  flat  at  bottom,  and  having  an  intermediate 
smaller  costa.     Ears  moderately  large.     Cardinal  margin  straight. 
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Length  li  inches ;  height  i  (H  ?)  inches ;  distance  of  lai^r  oostsB 
at  lower  margin  of  valve,  about  i  line.  Apical  angle,  ears  excludedi 
slightly  exceeding  a  right  angle." 

This  description  agrees  so  well  with  the  specimen  in  Mr.  Hardman's 
Collection  that  there  is  no  doubt  about  its  belonging  to  Dana's  species. 
It  must  be  remarked,  however,  that  in  his  previous  description  of 
A,  tenuieolliSf  Dana  states  that  the  costse  are  about  twenty-four.  In 
the  specimen  before  me  they  number  about  twenty-six.  The  shell 
is  the  convex  valve,  as  was  also  Dana*s.  The  latter  was  obtained  at 
Harper's  Hill,  New  South  Wales,  in  a  sandstone. 

Locality, — Liverynga,  Kimberley  District,  in  a  yellowish  ferru- 
ginous sandstone. 

GASTEROPODA. 
EUOMPHALUS  ?  ?     PI.  IV.  Fig.  9. 

This  specimen  is  far  too  much  damaged  by  weathering  to  afford 
any  certain  indication  of  its  affinities. 

Locality,  — "  Opposite     Mt    Krauss,"     King    Leopold     Ranges, 
-  Kimberley  District. 

Pleurotomaria  ?  ?     PI.  IV.  Figs.  10,  10a. 
This  fossil  is  in  the  same  condition  as  the  above;  such  of  its 
characters  as  are  preserved  are  well  represented  in  the  figure.     It 
may  belong  to  one  of  the  subsections  of  Pleurotomaria, 

Locality.  — "  Opposite  Mt.  Krauss,*'  King  Leopold  Ranges, 
Kimberley  District. 

CEPHALOPODA. 

GONIATITES. 

GoNiATiTKS  MI0R0MPHALU8,  Morris,  sp.     PI.  V.  Figs.  10,  10a. 

1845.  BellerophoH  mieromphaiut,  Morris,  in  Strzelecki's  Phfsical  Description  of 
New  Soath  Wales  and  Van  Diemen's  Land,  p.  288,  pi.  xviii.  fig.  7. 

1847.  Bellerophon  mieromphalus^  M'Coy,  Ann.  Mag  Nat.  Hist.  vol.  xx.  p.  308. 

1849.  Bellerophon  micromphalu$^  Dana,  Geology  of  \Vilkes*8  Expl.  Exped.  p.  708, 
pi.  X.  fig.  6. 

1877.  Ooniatitet  mieromphaluSf  de  Eoninck,  Recherches  sur  les  Fossiles  Paleozoiques 

de  la  Nouvelles-Galles  da  Sud  (Australie),  p.  389,  pi.  xxiv.  fig.  5. 

1878.  Oomadtea  mieiomphalusy  Etheridge,  jun.,  Cat.  Australian  Fossils,  p.  89. 
1880.  Goniatites  mieromphalm,  Etheridge,  jun..   Proceed.   Roy.  Phys.  Soc.  Edin- 
burgh, vol.  V.  p.  304. 

This  species  is  represented  by  two  small  and  imperfect  examples 
in  a  yellowish  ferruginous  sandstone.  They  are  both  casts,  and  show 
no  trace  of  septation. 

Locality, — Liverynga,  Kimberley  District, 

Carboniferous  Fossils  from  the  Qascoyne  River  and  its  Vicinity.* 

ECHINODERMA  TA . 

Plate  IV.  Fig.  11. 
This  group  is  represented  by  numerous  weathered  fragments  of 
Grinoid  stems,  some  loose,  some  imbedded  in  a  limestone  matrix. 
They  have   been  examined   by  Mr.  F.  A.   Bather,  F.6.S.,  of  the 

>  See  "  Notes  on  a  Collection  of  Fossils  and  of  Rock-specimens  from  West  Australia, 
north  of  the  Gascoyne  River,"  by  W.  H.  Hudleston,  F.R.S.,  in  the  Quart.  Joum. 
Geol.  Soc.  1883,  vol.  xxxix.  p.  682,  where  references  to  previous  reports  on  the 
geology  of  this  region  may  he  found.    The  evidence  afforded  by  the  fossils  of  the 
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Geologioal  Department  of  th«  British  Museum,  and  he  ttelieTeB  them 
to  beloDg  probably  to  the  Bhodoerinida  or  Actinoerinida,  but  he 
cannot  refer  them  to  any  genus. 
Loealili/. — Gaeooyne  Uiver. 

SJUCMIOPOSA. 

Sl'IRITKRA  KlMBERLByENSlS.  Sp.  QOV.     Plate  Y.  Fig.  11, 

The  general  outline  of  thia  Bpeciee  is  transversely  oviil,  with  com- 
presaed  vnWes  and  rather  a  long  hinge-line.  The  ventral  valve  has 
a  sliallow  median  sinus  oooiipied  by  three  or  four  fine  riba,  and 
bounded  by  two  strong  folds,  which  are  must  prominent  in  the 
ambonal  region.  About  five  more  folds,  mails  up  of  bundles  of  riba, 
occar  un  each  side  of  the  laat  named,  but  they  beoonie  almost  obsolete 
in  the  depreesed  area  near  the  hinge-line,  on  each  aide  of  the  beaks. 
The  beak  is  elevated,  pointed,  and  but  slightly  incurved.  The 
hinge-area  ie  moderately  deep,  pnrallel,  and  as  long  aa  the  width  of 
the  shell.  The  triangular  fissure  is  tolerably  large ;  no  paeudo- 
deltidiamt  is  seen.  The'dorsal  valve  has  a  rather  prominent  median 
fold  made  up  of  five  or  six  obsouro  ribs,  and  on  each  there  are  four. 
orfive  loss  prominent  folds,  also  mnde  up  of  bundles  of  tine  ribs,  all 
of  which  lend  to  become  obsolete  in  the  flattened  area  near  the  cardinal 
■nglt^B.  The  whole  of  the  surface  of  the  shell  is  covered  with  very 
fine  hnt  distinct  hnes  radiating  from  the  beaks,  anil  covering  alike 
the  folds  and  their  interapiices ;  these  lines  cilu  scarcely  be  seen  with- 
out a  lens.      Fine  concentric  imbiicating  lamellie  are  also  present. 

This  speciea  rather  closely  reaeinbles  Spirifer  Amhienfia,  Waagen 
("Salt- Range"  Fossils,  Pal.  Ind.  ser.  xiii.  vol.  i.  1H87,  p.  515.  pi. 
ilviii.  fig.  I),  in  the  general  character  of  its  ornaments,  eB|iecialiy  in 
the  hundli*s  of  finer  ribs  comjmsing  the  folds  of  the  shell,  bill  the 
beaks  in  S.  Ambiengis  are  more  approximated  than  in  the  case  in  the 
present  species,  and  furthermore,  the  fine  radiitting  lines  met  with  iu 
tlie  latter  are  absent  in  the  Ibrmer.  S.  Kimberlfi/euaii  is  represented 
bya  single  specimen  only,  anil  it  is  most  probably  a  young  individual. 
Localili/. — Gascoyne  River. 

EXPLANATION  OF  PLATES. 
PLATE  IV. 
FiQ.    ].  Sallrriila  HoTdmani ;    In,  longitudinal  section,  \b,  transverse  section, 

both  enlarged. 

„      2.  OtiTf/llat?  >i>rrrj(i,  glabella  ;   2a,  telaon  f  2i,  thoracic  segment. 

„       3.  Orihoerrm,  >p. 

„      4.  Lrpidedttidron ;  *o,  "  Kiiorria  condition  "  of  same. 

„      S.  SiKmntia  ;  surface  of  root  sliowing  areolic. 

„      6,  6ii.      BacMs  of  frms  {i). 

„     T,  7a.     Vgp'rila-\\\.t  leal- f ragmen  la. 

„      8,  8d.     Basal  eiti^mitits  of  tbe  same  (or  bracts  of  cone  :). 

„      9.  £itemphalui  ?  ? 

„    10,  \0a.  FltatotoMaritt  P  ? 

„    11.  Fragment  of  Crinoid  stem. 

Casciiyne  River  district  (and  those  of  it  similar  horizon  from  the  Irwio  Kiver  in  ihs 
•■lUlheni  part  of  West  Australia,  and  the  Fitzroj-  Kivcr  in  tlie  mirthcru)  U  qiiito 
cnoIinnBtorj  of  Mr  Hudleslun's  views  aa  to  the  aj^:  ot  the  .Viistraliuii  CurhoTiifi^niiis, 
rii.  that  it  corresponds  with  the  Lower,  rather  thiin  tlio  Upper  Cnrbiiuileruns  of 
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PLATE  V. 
Fio.  1.  Spin/era? 

2.  2m.    MhynehoHtUa  pugnu9f  Martin,  sp. 

3.  BhynehotteHa  mhoide*,  J.  de  C.  Sby.,  sp. 

4.  OofiiatiieSf  sp.  near  to  G.  ratutoriut,  de  Kod.  P 

5.  Ooniatites,  sp.  (section  in  limestone). 

6.  Chonetes?  sp. 

7.  7a.    Strophalo$iu  CUrkii  ;  dorsal  Talret. 

8.  Strophnlotia  CtarkH  P,  rentral  vaWe. 

9.  Avieulopeeten  tenuieolliB,  Dana,  sp. 
10,  10a.  OoHiutiteM  mieromphmlutf  Morris,  sp. 

,,    11.  Spiriferm  Kin^ttr  ley  emit,  sp.  noT. 

12.  Spirt/era  MuMkheyttntis?  Davidson,  Tar.  Auttralis,  Tar.  noT. 

[All  the  figures  are  of  natural  size,  except  where  otherwise  stated.] 
{To  be  continued  in  our  next  Number,) 
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II. — Notes  on  the  Gulm-meabubes  at  Bude,  North  Cornwall. 

By  Major-General  C.  A.  McMahon,  F.G.S. 

DURING  a  residence  of  six  weeks  at  Bude,  in  the  antnmn  of 
1889,  I  enjoyed  the  opportunity  of  studying  the  Culm-measures 
exposed  in  the  hold  cliffs  of  that  part  of  the  coast  of  Cornwall 
I  know  of  no  easily  accessible  place  where  the  flexures  and  con- 
tortions into  which  strata  have  been  thrown  by  earth-movements 
can  be  studied  with  greater  advantage.  Between  Bude*haven  and 
Menachnrch  Point,  a  distance  of  one  mile  as  the  crow  flies,  there 
are  at  least  eleven  synclinal  and  as  many  anticlinal  folds,  presenting 
a  variety  of  flexures  of  considerable  interest  to  the  geolc^ical 
student.  At  one  place  a  sharp  fold  in  the  shape  of  the  letter  en 
placed  on  its  side,  complicated  by  slight  rupturing,  has  resulted  in 
perpendicular  beds  being  faulted  in  between  strata  dipping  at  a 
moderate  angle  in  a  common  direction ;  whilst,  at  another  plaoe^ 
a  similar  flexure  has  led  to  vertical  strata  being  jammed  in  between 
beds  dipping  towards  each  other  at  a  low  angle.  In  some  places 
the  contortions  and  convolutions  are  too  complicated  for  verbal 
description. 

Menachurch  Point  itself  presents  several  features  of  interest 
The  small  headland  that  runs  out  from  the  cliffs  and  constitutes  the 
"  })oint "  coincides  with  a  small  anticlinal  flexure  faulted  along  its 
apex.  The  smooth  sides  of  the  sharply -folded  beds  seem  to  have 
allowed  the  waves  to  slide  over  them  without  sustaining  damage 
from  the  collision ;  whilst  the  fault  itself,  giving  an  advantage  to 
the  sea,  enabled  it  to  scoop  out  a  deep  cave  at  the  very  apex  of 
the  Point  Tlie  roof  and  walls  of  the  cave  are,  for  the  most 
part,  formed  by  one  of  the  folded  beds,  and  the  fault  caused  by 
the  rupturing  of  the  strata  along  the  axis  of  the  fold  is  here  seen 
at  its  minimum.  As  one  mounts  the  ridge  forming  the  headland, 
however,  and  rises  to  a  level  with  the  top  of  the  cliffs,  the  throw  of 
the  fault  gradually  becomes  greater,  and  the  rupture  between  the 
beds  on  the  two  sides  of  the  fold  increases  until,  at  last,  one  fiuds 
almost  level  strata  faulted  against  nearly  vertical  beds.  Unless  one 
had  traced  the  discordance  between  the  two  sides  of  the  flexure  step 
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bj  step,  it  wonid  have  been  difficnit  to  believe  that  ao  complicated 
a  result  had  been  prodaoed  in  eo  simple  a  manner,  and  that  lees 
than  a  hundred  yards,  in  point  of  distance,  bad  been  eufSoient  for 
its  development. 

The  ooaat-Iine  above  described  lies  to  the  north  of  Bude.  A 
similar  state  of  things  exists  in  the  opposite  direction.  At  the 
Haren  itself  the  well-known  feature  called  the  "  Whale's  Back  "  is 
due  to  a  sharp  fold  in  the  strata,  and  other  contortions  are  to  be  seen 
in  its  immediate  vicinity.  The  spot,  however,  likely  to  prove  of 
most  interest  to  the  geologist  is  a  little  cove,  three-quarters  of  a  mile 


forther  south,  called  Efford  Dilch.  Here,  high  and  bold  cliffs  are 
exposed  which  present  for  study  a  series  of  most  complicated  con- 
tortions and  flexures.  I  spent  many  hours,  on  xeveral  occasions, 
ittemptinf;  to  draw  these  clifis;  but  I  found  it  impossible  to  give 
\  general  impression  of  the  elaborate  crumpling,  faulting,  and 
CTQshiug,  revealed  by  a  close  study  of  these  rocks.  Beds  are  nut 
only  doubled  up  and  folded  on  themselves,  but  they  are  crushed, 
ruptured,  and  severed  from  each  other  in  a  wny  that  has,  in  plnces, 
reduced  them  to  the  condition  of  a  Chinese  puzzle.  In  other  places, 
again,  where  the  arrangement  of  the  beds  looked  tolerably  simple, 
when  viewed  from  a  distance,  a  close  inspection  revealed  some  half- 
dozen  small  faults  and  sliding-planes,  witliin  as  many  yards.  An 
extensive  series  of  photographs  would  be  required  to  convey  to 
the  mind   of  a  person  who  had  not  studied  the  rooks  themselves 
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anything  like  an  adequate  impression  of  the  severity  and  extent 
of  the  contortion  they  have  undergone. 

In  the  accompanying  illustration  I  have  attempted  to  give  a  general 
idea  of  one  of  the  least  complicated  sections.  Imperfect  though  my 
sketch  undoubtedly  is,  it  will,  I  trust,  suffice  to  show  that  the  rocks 
have  sustained  a  pretty  good  squeeze.  The  black  portion  (gg') 
represents  a  bed  of  dark  carboniferous  shale ;  (a,  h)  is  evidently  a 
fault  or  sliding-plane.  the  beds  below  (a.  h)  being  crumpled  in  the 
manner  represented  in  the  sketch  ;  {c,d)  represents  the  jutting 
edge  of  the  cliff,  the  portion  (e,  /)  stands  back  from  it  at  some  dis- 
tance, and  the  connection  between  the  convolutions  of  the  strata  at 
(p,  /)  and  the  beds  between  (a,  c,  d)  cannot  be  seen  from  the  point 
of  view  from  which  the  sketch  was  taken. 

A  few  miles  further  to  the  south,  at  Millhook,  there  is  another 
interesting  cliff,  known  locally  as  the  Zigzag  rock.  Here  the  rocks 
were  first  compressed  into  an  elaborate  series  of  sharp  V-shaped 
flexures,  and  then  canted  over  en  masse  into  a  vertical  position,  so 
as  to  favour  the  impression  that  the  squeeze  came  from  above.  A 
photograph  of  those  rocks  has  been  published  in  the  Frith  Series 
(No.  13144).  It  is  an  interesting  photograph,  but  the  stratigraphical 
details  are  not  brought  out  with  the  clearness  desirable  for  geological 
study. 

As  the  Culm-measures  at  Bude  have  incontestably  suffered  from 
intense  mechanical  compression,  I  carefully  collected  good  samples 
of  these  rocks  in  the  field,  and  brought  them  back  with  me  to 
London  for  study  under  the  microscope.  I  was  anxious  to  see 
whether  they  threw  any  light  on  the  problem  of  dynamic  meta- 
morphism,  and  I  was  therefore  especially  careful  not  only  to  collect 
samples  from  all  the  principal  varieties  of  rocks,  but  to  take  my 
specimens  from  places  where  the  rocks  had  suffered  most  strain. 
For  instance,  if  a  bed  had  been  doubled  up  on  itself,  I  took  my 
specimen  from  the  knee  of  the  bend;  or  if  the  fold  had  resulted 
in  the  snapping  of  the  bed,  from  the  point  of  rupture,  where  the 
strain  had  presumably  been  greatest.  Of  the  darkest  and  most 
carbonaceous  beds  I  was  unable  to  obtain  specimens,  as  they  have 
been,  under  the  influence  of  pressure,  smashed  up  into  a  wafery  dust, 
possessing  no  cohesion.  A  reference  to  the  illustration  will  show 
how  these  beds  are  squeezed  thin  in  some  places ;  are  pinched  off 
in  others ;  and  swell  out  to  bulky  masses  in  yet  other  places.  Here, 
at  least,  if  nowhere  else,  I  hoped  to  find  the  long-sought  evidence 
of  the  molecular  activity  and  of  the  chemical  and  minemlogical 
changes  induced  by  great  pressure.  All  that  I  found,  however,  was 
a  dust  of  wafers,  in  which  you  might  search  in  vain  for  a  fragment 
as  thick  or  as  large  as  a  sixpence.  Pressure  had  failed  to  produce 
even  consolidation  or  induration. 

Since  my  return  to  London,  I  have  examined  under  the  mioroscope 
thin  slices  taken  from  the  hand-specimens  of  the  other  beds,  and  I 
now  proceed  to  state  the  results. 

Macroscopically  considered,  these  specimens  are  very  fine-grained 
Mokfly,  and  vary  in  oolour  from  a  pale  yellowish  grey  through  pale 
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blaish  grey  to  the  dark  colour  of  ordinary  clay-slates.  Some 
are  distinctly  arenaceous,  and  may  be  called  fine-grained  earthy 
Baodstones  ;  but  they  pass  gradually  into  argillaceous  shales  of  a 
slaty  type.  No  cleavage  is  apparent,  but  some  of  the  specimens  are 
very  distinctly  laminated,  and  one  exhibits  traces  of  false  bedding. 
In  most  of  them  very  minute  specks  of  silvery  mica  may  be  observed 
on  the  newly-fractured  surfaces.  Under  the  microscope  these 
specimens  are  seen  to  be  made  up  of  quartz,  felspar,  and  silvery 
mica,  with  occasional  fragments  of  schorl,*  a  few  zircons,  more  or 
less  decomposed  felspathic  or  kaolinic  material,  magnetite,  ferrite 
and  carbon.  Some  slices  contain  calcite,  and  some  magnesite, 
disseminated  throughout  them.  There  are  also  veins  stopped  with 
calcite.  The  calcite  and  magnesite,  never  exhibit  twinning.  It  is 
evidently  a  secondary  product  of  aqueous  infiltration,  and  is  not 
an  original  clastic  component  of  the  rock.  Fragments  of  limestone 
rocks  are  entirely  absent. 

I  now  pass  on  to  offer  a  few  remarks  on  the  principal  minerals 
found  in  my  specimens. 

Carbon, — The  dark  lines  of  lamination  which  form  a  marked 
feature  in  some  of  the  beds  and  simulate  the  fine  banding  of  some 
crystalline  schists,  is  mainly  due  to  the  deposition  of  carbon,  and,  in 
a  very  subordinate  degree,  to  the  presence  of  magnetite.  The  pre- 
sence of  carbon  was  verified  in  several  ways ;  by  the  antimonate  of 
potassa  and  nitric  acid  test;  by  the  application  of  heat;  and  by 
digestion  in  hydrochloric  and  fluoric  acids.  Prolonged  boiling  in 
hydrochloric  and  in  sulphuric  acids  failed  altogether  to  remove  the 
dark  lines  from  thin  slices,  but  the  application  of  red  heat  over  the 
Bunsen  burner  (applied  in  some  cases  before,  and  in  others  after, 
digestion  in  acids)  eflfectually  removed  these  dark  bands. 

The  presence  of  carbon  appears  to  be  due  to  the  deposit  of 
vegetable  matter  along  with  very  fine  silt.  Some  of  the  specimens 
have  obscure  markings  suggestive  of  vegetable  matter,  and  one  has 
a  small  fragment  (the  rest  was  broken  oflF  in  the  fracture  of  the 
hand-specimen)  of  what  appears  to  have  been  the  stem  of  a  plant. 

Though  the  dark  lines  and  bands  appear  straight  to  the  naked 
eye,  they  are  seen,  under  the  microscope,  to  owe  their  dark  appear- 
ance to  discontinuous  fibres,  and  particles,  of  carbonaceous  material 
distributed  in  the  most  irregular  and  uneven  manner  among  the 
other  materials.  The  carbon  is  not  confined  to  the  dark  layers,  but 
is  distributed,  though  more  sparsely,  throughout  the  shales  in  which 
it  occurs.  In  some  it  is  very  generally  disseminated  throughout  the 
mass,  and  the  rock  has  a  uniformly  dark  appearance.  Though  the 
carbon  for  the  most  part  is  in  threads,  or  fibres,  it  is  perfectly 
opaque,  and  does  not  reveal  under  the  microscope  any  trace  of 
organic  structure. 

Iron, — Iron  is  present  in  the  form  of  magnetite,  ferric  oxide,  and 
apparently  in  combination  with  carbon.  None  of  the  hand-specimens 
attract  the  magnet,  but  splinters  after  fusion  became  magnetic.  The 
iron  was  evidently  deposited  along  with  the  carbon.  Like  the 
carbon,  it  is  scattered  promiscuously  through  the  rock,  but  is  more 
abundant  in  the  dark  carbonaceous  bands  than  elsewheio. 
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Quartz, — Quartz  is  the  most  abundant  material.  It  is  in  sub- 
angular  to  angular  grains;  these  grains  are  rarely  rounded  and 
are  never  water- worn.  They  vary  greatly  in  size  in  the  same 
slice,  ranging  in  the  coarser-grained  beds  from  one  sixty-sixth  to 
one  eight-hundredth  of  an  inch  in  their  longer  diameters.  The 
orientation  of  such  of  the  grains  as  are  longer  in  one  direction  than 
in  other  directions  is  related  in  two  slices  only  to  the  direction  of 
the  lamination ;  but  in  these  two  slices  comparatively  few  of  the 
grains  are  elongated  and  they  are  splintery  fragments  whose  shapes 
are  not  due  to  pressure  in  sM.  With  these  exceptions  the  grains 
of  quartz,  in  the  slices  examined,  are  oriented  in  all  directions. 
The  silt,  of  which  the  rocks  are  made  up,  was  evidently  deposited  in 
still  water,  and  no  secondary  structure  has  been  imposed  upon  these 
rocks  since  their  consolidation. 

Very  few  grains  exhibit  strain  shadows,  and  as  the  grains  that 
do  so  are  exceptionally  few  in  number,  this  structure  was,  it  may  be 
presumed,  set  up  in  them  before  they  were  deposited  in  the  Culm 
beds.     The  elongated  grains  do  not  exhibit  this  structure. 

Liquid,  and  other  inclusions,  in  the  quartz,  where  they  take  the 
form  of  lines,  are  not  oriented  in  any  common  direction  ;  each  grain 
has  its  own  system,  which  is  not  related  in  any  way  to  that  of  its 
neighbours. 

Liquid  cavities  with  bubbles  are  a  common  feature  in  the  quartz 
grains. 

Felspar, — Occasionally,  but  rarely,  the  grains  of  felspar  contained 
in  the  slices  exhibit  the  polysynthetic  twinning  of  the  triclinio 
system.  In  the  majority  of  cases  the  felspar  is  much  decomposed 
and  kaolinized. 

JIftca. — A  silvery  mica  is  present  in  all  the  slices,  and  is  fairly 
abundant  in  most  of  them.  As  the  important  question  to  be 
determined,  with  reference  to  this  mineral,  is  whether  it  is  an 
original  constituent  of  the  rock,  or  a  secondary  product  formed  after 
the  Culm  beds  were  deposited,  I  have  been  at  considerable  pains 
to  try  and  ascertain  its  species.  Unfortunately  the  mica  occurs  in 
leaves  of  such  microscopic  minuteness  that  it  is  extremely  difficult 
to  isolate  any  of  it,  and  impossible,  I  think,  to  obtain  a  sufficient 
quantity  for  a  quantitative  chemical  analysis. 

The  mica  is  untouched  by  boiling  hydrochloric  or  sulphuric 
acids;  and  after  subjecting  a  portion  of  one  of  my  specimens, 
reduced  to  fine  powder  in  an  agate  mortar,  to  prolonged  digestion  in 
these  acids,  which  apparently  removed  everything  but  the  quartz, 
mica,  and  carbon,  I  tested  the  residue  for  potash  and  soda  and 
found  both  these  alkalies  present.  As  this  experiment  was  vitiated 
by  the  possibility  that  though  I  could  discover  no  felspar  under 
the  microscope  in  the  residue  left  by  the  acids,  felspathio  material 
might  nevertheless  have  been  left  behind,  I  set  to  work  again,  and 
eventually  succeeded  in  isolating  a  few  very  minute  leaves  of  mica. 
Having  previously  tested  these  leaves  under  the  microscope,  to  make 
sure  that  1  had  got  hold  of  the  real  thing,  I  dissolved  them  in  hot 
hydrofluoric    acid,  and  tested,  by  microchemical  processes,  with 
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bichloride  of  platinum  and  acetate  of  uranium,  and  again  obtained 
unmistakable  evidence  of  the  presence  of  both  potash  and  soda. 
I  also  found  some  lime  and  magnesia.     Iron  was  absent 

These  reenlts  show,  I  think,  that  the  mica  must  either  be  muscovite, 
paragonite  (classed  by  Tschermak  as  a  variety  of  muscovite),^  or 
margarodite ;  but  in  the  absence  of  a  quantitative  analysis,  the 
diemical  evidence  does  not  enable  us  to  say  positively  which  of 
these  it  is.  Margarodite  may,  however,  be  eliminated  from  con- 
sideration, as,  according  to  finish,  this  mineral  is  decomposed  by 
solphuric  acid,  whereas  the  mica  of  the  rocks  under  consideration 
oertainly  is  not.  There  remain  muscovite  and  paragonite  :  both 
contain  potash  and  soda,  though  in  different  relative  proportions; 
but  whilst  muscovite  contains  up  to  2  per  cent,  of  magnesia  and 
0*5  of  lime,  these  substances,  though  occasionally  present  in  small 
quantities,  are  usually  absent  from  paragonite. 

fiut  though  the  chemical  evidence  does  not  lead  to  any  very 
definite  result,  the  microscopic  evidence  gives  a  clear  answer  to  the 
question  raised.  The  mica  presents  the  appearance  of  having  settled 
down  with  the  sand  and  mud  when  these  beds  were  originally 
deposited.  It  is  not  arranged  in  continuous  straight  lines,  or  in 
planes  in  which  mica  is  abnormally  developed,  but  is  scattered 
promiscuously  throughout  the  rock.  In  many  slices  it  is  oriented 
in  all  directions,  and  even  in  those  which  exhibit  a  laminated 
structure,  the  leaves  of  mica  are  frequently  oriented  at  variable  and 
considerable  angles  to  the  lamination.  The  leaves  of  mica  are  often 
bent  and  occasionally  ruptured,  just  as  mica  would  be  bent  and 
ruptured  if  it  were  deposited  in  water  along  with  grains  of  sand, 
and  subsequently  compacted  by  mechanical  pressure  between  angular 
and  subangular  grains  of  such  hard  minerals  as  quartz  and  fel- 
spar. In  this  respect  the  Bude  beds  have  a  very  close  resemblance 
to  the  Tertiary  Sivaliks  of  the  outer  Himalayas.  In  these  mica 
was  deposited  along  with  grains  of  quartz,  felspar,  slate,  and  lime- 
stone, and  the  rocks  being  of  comparatively  coarse  grain,  the  way 
in  which  the  leaves  were,  in  the  process  of  consolidation,  bent, 
crumpled,  and  ruptured,  between  the  grains  of  quartz,  felspar,  etc., 
form  an  interesting  study. 

Schorl  and  zircon, — The  schorl  is  generally  in  irregular-shaped 
grains  such  as  one  meets  with  in  granites,  but  I  have  observed 
needles  in  some  quartz  grains  that  may  be  this  mineral.  The  zircon 
is  in  regular  crystals  such  as  commonly  occur  in  crystalline  rocks. 

Secondary  minerals, — Exclusive  of  vein  material,  alluded  to  below, 
the  only  secondary  substances  I  have  observed  are  magnetite,  ferric 
oxide,  opalescent  quartz,  carbonate  of  lime,  and  magnesite;  both  of 
which  latter  are  in  a  granular  condition. 

Veins, — Old  cracks  in  the  rocks  are  stopped  in  some  cases 
with  quartz,  and  in  other  cases  with  carbonate  of  lime.  One  slice 
contains  three  cracks,  which  present  some  features  of  interest  The 
one  first  formed  in  point  of  time  is  a  thin  one  stopped  with  crystal- 
line quartz.  This  was  subsequently  cut  across  by  a  wider  crack, 
1  Third  Appendix  to  Fifth  Edition  of  Dana's  Mineralogy,  p.  77. 
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also  filled  with  crystalline  quartz,  whioh  is  traversed  by  a  third 
orack — the  youngest  in  order  of  birth — stopped  with  carbonate  of 
lime.  The  quartz  in  these  oracks  is  fall  of  liquid  cavities  with 
moving  bubbles,  but  these  inolusions  do  not  orient  in  lines  having 
a  common  direction.  The  feature  to  which  I  desire  to  call  especial 
attention  is  that  the  second  vein,  in  order  of  birth,  has  its  quarts 
split  up  into  narrow  ribbon-shaped  crystals,  approximately  at  right 
angles  to  the  direction  of  its  length,  but  the  older  vein  is  totally 
devoid  of  this  structure,  and  the  carbonate  of  lime  that  stops  the 
youngest  vein  exhibits  no  twinning,  The  twinning  of  calcite  is 
commonly  held  to  be  the  result  of  pressure,  and  I  think  the  division 
of  the  second  vein  throughout  its  length  into  stripy  quartz  orystalB, 
narrow  as  compared  with  their  length,  must  be  due  to  strain.  We 
have  then  three  cracks  formed  and  filled  with  crystalline  materials 
at  different  periods.  No.  2  cuts  the  first  formed  at  an  average  angle 
of  35*^,  and  the  last  formed  vein  cuts  No.  2  at  an  angle  of  1 6^.  The 
mineral  stopping  No.  2  exhibits  evidence  of  strain,  whilst  the 
minerals  stopping  Nos.  1  and  3  are  devoid  of  any  such  evidence. 
These  f^cts  seem  to  me  to  indicate  that  the  strain  which  has  left  its 
marks  on  No.  2  could  not  have  been  applied  subsequent  to  the 
crystallization  of  the  mineral  contents  of  all  three  veins,  for  had 
it  been,  there  seems  no  reason  why  Nos.  1  and  3  should  not  have 
exhibited  the  marks  of  strain  as  well  as  No.  2.  The  facts  seem  to 
lead  naturally  to  the  inference  that  the  strain  which  has  left  its 
marks  on  No.  2  was  applied  at  a  critical  stage  in  its  history  when 
the  quartz  was  in  a  condition  to  yield  to  that  strain ;  and  as  this 
strain  was  applied  after  the  quartz  in  No.  1  had  passed  that  critical 
stage,  and  had  hardened  into  its  present  condition,  it  was  unaffected 
by  it. 

The  evidence  afforded  by  these  veins  teaches  us  that  we  should 
hesitate  before  we  accept  the  evidence  of  strain  exhibited  by 
individual  minerals,  or  groups  of  minerals,  as  proof  that  this  strain 
was  applied  after  the  consolidation  of  the  whole  rock.  This  is  an 
important  point  which  is  sometimes  lost  sight  of. 

Conclusion. — The  Culm  series,  as  seen  at  Bude,  appear  to  have 
been  deposited  in  tranquil  water  undisturbed  by  strong  currents. 
Though  there  is  occasional  evidence  of  current,  this  is  exceptional ; 
and  the  materials  of  which  the  rocks  are  built  up  seem,  on  the 
whole,  to  have  settled  down  quietly  without  much  sorting,  and 
without  the  longer  axes  of  the  grains  being  arranged  in  a  common 
direction,  which  would  have  been  the  case  had  there  been  a  sensible 
current  The  layers  of  carbonaceous  matter  of  organic  origin  point 
to  the  same  conclusion. 

Mr.  Medlicott,  in  his  Memoir  on  the  Sub-Himalayan  Bocks  of 
N.W.  India,*  quotes  the  following  remarks  of  a  colleague.  Dr.  Kane, 
on  the  fossil  leaves  from  the  Tertiary  rocks  of  the  Sabathu  group 
collected  by  the  author  of  the  memoir : — "  A  number  of  well- 
preserved  plant-remains  were  found  in  the  rocks  of  the  Easauli 
range.      They   are    probably   of    Middle    Tertiary    age,    and    are 

^  Memoirs  G.S.I.  toI.  iii.  p.  97. 
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imbedded  in  an  indurated  abaly  olay,  bluish  and  aligbtly  micaceous. 
It  is  erident  from  tbe  regularity  with  whiob  these  remains  are 
disposed — the  leaves  being  in  no  case  crumpled,  or  distorted,  as  well ' 
as  from  the  fine  texture  of  the  rock  in  which  they  occur — that  they 
have  been  deposited  from  water  either  perfectly  still,  or  only  slightly 
in  motion." 

I  have  several  good  samples  of  the  Sub-Himalayan  leaf-beds 
above  alluded  to,  and  have  studied  slices  of  them  under  the  micro- 
scope. In  point  of  structure,  and  in  the  character  and  arrange- 
ment of  their  component  grains,  and  leaves  of  mica,  they  are 
indistinguishable  from  many  of  the  Bude  beds.  If  the  one  it 
composed  of  original  materials  deposited  in  still  water,  this  state- 
ment must  be  equally  true  of  the  other. 

This  conclusion  regarding  the  Bude  rocks  arrived  at  on  purely 
microscopical  evidence  appears  to  agree  well  with  the  state  of  things 
described  by  Mr.  A.  J.  Jukes-Browne,  F.G.S.,  in  his  Building  of 
the  British  Isles.  After  quoting  from  Prof.  Green  an  account  of 
the  process  of  sedimentation  that  probably  went  on  during  the 
deposition  of  the  Millstone  Grit  and  Coal-measures,  which  is  too 
long  to  give  here,  he  adds  in  a  footnote:  **It  would  be  better 
described  as  an  immense  delta  or  fenland,  including  many  large 
lagoons  and  wide  channels,  surrounded  by  swamps  which  were 
never  muqh  above  the  level  of  the  sea.**  * 

So  much  for  their  manner  of  deposition.  As  regards  their  origin, 
the  microscopical  evidence  favours  the  view  that  the  materials  of 
which  the  Bude  rocks  are  composed  were  denved  from  the  waste 
of  a  crystalline  area,  for  they  are  made  up  of  fragments  of  quartz, 
felspar,  and  mica,  with  some  schorl  and  zircon  crystals — all  charac- 
teristic of  granitoid  rocks  —together  with  some  crystalline  fragments 
of  more  schistose  character.  It  is  also  material  to  note  that  they  do 
not  contain  a  single  grain  of  such  rocks  as  slate,  or  limestone. 

I  see  no  reason  to  suppose  that  the  materials  were  derived  from 
older  sedimentary  rocks,  or  that  they  travelled  any  great  distance 
before  they  found  their  present  resting-place.  The  absence  of  water- 
worn  granules  and  the  want  of  variety  in  the  assortment  of  minerals 
are  opposed  to  both  these  suppositions.  The  sand  of  rivers  fed  by 
extended  catchment  areas,  or  that  flow  for  long  distances  over 
several  geological  systems,  is  usually  as  rich  in  specimens  as  a  well- 
stocked  mineralogical  museum. 

The  specific  gravity  of  slate  and  limestone  does  not  differ  very 
greatly  from  that  of  quartz  and  felspar,  as  will  be  seen  from  the 
following  table  : — 

Clay-State  (B.  Von  Cotta)    ...  Sp.  G.  2-6    —  2*8 

Limestone   (i*.)  „  2'6    —  2*8 

Quartz  (J.  D.  Dana) „  2-4    —  2*8 

Felspar       (i*.)         2-56  —  2-76 

If  then  the  catchment  area  that  supplied  the  Culm -beds  at  Bude 
contained  exposures  of  slate  or  limestone,  I  think  it  is  as  certain  as 
anything  of  the  kind  can  be,  that  the  Bude  beds  would  have  con- 

^  The  Building  of  the  Britiflh  Isles,  p.  90,  footnote. 
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tained  fragments  of  such  rocks.  The  sand  of  the  existing  Panjab 
rivers,  and  the  Sivalik  beds,  the .  product  of  Panjab  rivers  in  the 
Tertiary  period,  abound  in  fragments  of  slate  and  limestone. 

As  a  rule,  1  presume,  heavy  minerals  are  carried  down  by  the 
main  stream  of  a  river,  and  the  lighter  ones  are  floated  off  over  its 
banks  to  flood  the  country  on  either  side  of  it ;  but  this  explanation 
can  hardly  be  applied  to  the  Bude  rocks,  as  it  would  fail  to  account 
for  the  absence  of  such  rocks  as  slate  and  limestone,  on  the  one 
hand,  or  the  presence  of  such  minerals  as  schorl  (sp.  g.  3 — 3*24) 
and  zircon  (sp.  g.  4*4 — 4*7)  on  the  other.  If  schorl  and  zircon  could 
have  been  floated  to  fiude,  why  not  hornblende  and  other  minerals  ? 

Mr.  A.  W.  Stokes,  F.C.S.,  F.I.C.,  was  good  enough  to  make  an 
analysis  of  one  of  the  Bude  samples  for  me,  which  I  give  below  as 
No.  1.     The  specimen  was  a  slaty-looking  shale. 


I. 

II. 

III. 

Silica     

73-20 

73-70 

74-54 

Alumina 

11-20 

14-44 

14-86 

Oxide  of  Iron    ... 

8-40 

1-92 

2-76 

Lime      

1-08 

•29 

Magnesia 

1-44 

trace 

trace 

Potash 

trace 

4-43 

378 

Soda,  with  traces  of 

potash. 

sulphates,  and  carbon. 

6-26 

Soda 

4-21 

349 

Phospnoric  acid. 

•  •  • 

trace 

•  •  • 

trace 

— 

"Water    

•  •  • 

•60* 

•  •  • 

•61 

•87 

100-00  100-39  100-54 

*  Obtained  by  heating  to  120"*  C.  for  four  hours. 

I  have  for  the  purposes  of  comparison  given  under  II.  and  III. 
the  analyses  of  two  British  granites  made  by  Mr.  J.  A.  Phillips, 
quoted  by  Mr.  J.  J.  Harris  Teall  in  his  British  Petrography,  pp. 
311,  814.  I  have  selected  these  two  because  they  come  close  to  the 
analyses  of  the  Bude  rock  in  the  per-centage  of  silica.  II.  and  III. 
contain  only  a  trace  of  magnesia,  but  in  other  analyses  of  granites 
made  by  Mr.  J.  A.  Phillips  this  constituent  rises  to  nearly  2  per  cent 

An  examination  of  the  above  analysis  of  the  Bude  shale  bears  out, 
I  think,  the  result  of  the  microscopic  investigation.  It  seems  to  me 
to  support  the  view  that  the  silt  deposited  by  the  Bude  waters  was 
made  up  of  granitic  materials  supplemented  on  the  spot  by  the 
products  of  organic  life,  carbon,  and  iron ;  the  carbon  being  derived 
by  organic  processes  from  the  air,  and  the  iron  from  the  water. 

One  more  point  remains  for  consideration.  Beyond  all  question 
the  Bude  rocks  have,  since  their  consolidation,  been  subjected  to 
great  lateral  pressure,  contortion,  and  crushing.  On  the  other  hand, 
it  is  equally  certain  that  they  could  not  by  any  stretch  of  the 
imagination  be  called  metamorphic,  or  metamorphosed,  rocks.  But 
if  dynamic  force  is  capable  of  producing  the  metamorphic  changes 
claimed  for  it  by  the  exponents  of  dynamic  metamorphisro,  how  is 
it  that  the  Bude  beds  are  not  metamorphosed?  This  is,  I  think, 
a  pertinent  question  directly  raised  by  the  Bude  beds,  and  one  that 
is  worth  some  serious  consideration. 

In  offering  a  few  concluding  remarks  on  this  subject,  I  propose 
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leave  out  of  consideration  cases  in  which  shearing  is  the  alleged 
nse  of  metamorphism.  Shearing  would  open  up  a  very  wide 
"aDch  of  inquiry,  and  as  the  Bude  rooks  do  not  exhibit  cleavage,  or 
liation,  or  mineralogical  changes  that  could  be  attributed  to  sJiear- 
g,  it  will  simplify  matters  to  eliminate  this  branch  of  dynamic 
etamorphism  from  the  discussion. 

There  remains  the  question  whether  pressure,  apart  from  shearing, 
capable  of  setting  up  molecular  activity  of  such  a  character  that 
le  chemical  xx>nstituents  of  a  rock  rearrange  themselves  in  the 
anner  implied  by  the  use  of  the  term  metamorphism  ? 
In  this  connection  1  do  not  think  I  can  do  better  than  quote  from 
te  highly  interesting  opening  address  of  the  President  of  Section  G 
the  last  meeting  of  the  British  Association.^  After  alluding  to 
te  mobility  of  the  atoms  or  molecules  of  solid  bodies,  and  after 
[ving  an  account  of  Spring's  experiments,  Mr.  Anderson  goes  on  to 
ly :  "  The  same  movements  and  changes  have  taken  place  and  are 
ill  going  on  in  Nature's  laboratory.  During  the  countless  ages 
ith  which  geology  deals,  and  under  the  enormous  pressures  of 
iperincurabent  masses,  stratified  sedimentary  rocks  become  crystal- 
zed,  and  assume  the  appearance  of  rocks  of  igneous  origin,  and  not 
[ily  so,  but  rocks  of  whatever  origin,  crushed  and  ground  to  pieces 
y  irresistible  geological  disturbances,  reconstruct  themselves  into 
ew  forms  by  virtue  of  the  still  more  irresistible  and  constant  action 
f  molecular  forces  and  movements." 

The  student  must  not  allow  his  mind  to  be  mystified,  or  carried 
wray  from  the  real  point  at  issue,  by  such  phrases  as  "the 
Dantless  ages  with  which  geology  deals."  The  Alps  and  the 
[imalayas  had  their  birth  in  Tertiary  times,  and  if  the  rampant 
letamorphism  of  Himalayan  rocks  is  to  be  referred  to  the  dynamic 
iroes  of  mountain-making,  those  throes  were,  geologically  speaking, 
f  yesterday's  date,  and  we  cannot  indent  on  "  the  countless  ages 
rith  which  geology  deals  "  to  impart  a  poetic  and  occult  glamour 
)  the  prosaic  details  of  dynamic  force  exerted  so  recently  as  the 
liddle  Tertiary  period. 

One  other  remark  I  would  make,  and  that  is,  that  laboratory 
xperiments,  like  Spring's,  however  instructive  and  valuable,  hardly 
an  on  all  fours  with  the  conditions  that  exist  in  nature.  Mr. 
knderson,  for  instance,  with  his  eye  on  Prof.  Spring's  pestle  and 
lortar,  speaks  of  rocks,  like  Spring's  powders,  being  "  crushed  and 
Tound  to  pieces  by  irresistible  geological  disturbances"  before 
hey  began  to  **  reconstruct  themselves  into  new  forms  by  the  still 
lore  irresistible  action  of  molecular  forces  and  movements."  I 
m  not  sure  whether  Mr.  Anderson  considers  this  grinding  to  powder 
n  essentifiJ  part  of  the  process  in  every  case  ;  if  he  does  not,  Spring's 
xperiments  may  be  put  out  of  court  at  once ;  if  he  does,  this  as- 
umption,  it  seems  to  me,  is  likely  to  prove  fatal  to  the  theory.  In 
be  Himalayas  we  have  to  deal  with  outcrops  of  foliated  granites, 
^ot  to  speak  of  other  crystalline  rocks,  ten  miles  thick  and  hundreds 
)f  miles  long,   and  can  any  one,  I  would   ask,  believe  that  these 

^  Nature,  September  19th,  1889,  p.  510. 
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beds  were  ground  down  to  a  powder  before  tbey  were  re-con- 
solidated into  crystalline  sobists  ?  Tbe  crusbing  of  rooks  to  powder 
must  surely  bave  been  a  local  phenomenon  very  limited  in  its  extent 

One  bears  mucb  of  Spring's  experiments,  but  1  bave  seen  no 
reference  to  tbose  of  Hallock,^  who  subjected  layers  of  antimony, 
beeswax,  parafine,  ground  bismutb,  a  second  layer  of  parafine  and 
lead,  witb  silver  pieces  stuck  on  tbe  wax  and  parafine,  to  tbe  pressure 
of  6000  atmospheres.  Tbe  materials  came  out  uncbanged,  unmelted 
and  unmixed.  Tbe  silver  coins  left  tbeir  marks  on  tbe  steel  sides  of 
tbe  instrument  employed,  but  tbey  did  not  sink  tbrougb  tbe  wax 
or  parafine,  wbicb  tbey  woul^  bave  done  bad  the  wax  or  parafine 
liquefied.  Mr.  Hallock  drew  tbe  conclusion  from  bis  experiments 
that  '^  to  me  tbey  seem  to  establish  that  pressure  alone  cannot  truly 
liquefy  a  solid,  i,e,  diminish  its  rigidity,  consequently  we  should 
scarcely  expect  chemical  or  mineralogical  changes  to  be  produced 
by  pressure  alone." 

In  the  Bude  rock  we  have  laid  bare  for  our  study,  not  a  laboratory 
experiment  made  under  artificial  conditions,  but  the  operations  of 
Nature  herself.  Tbe  rocks  are  contorted,  crushed,  ruptured,  and 
compressed ;  they  have  undoubtedly  been  subjected  to  very  great 
pressure ;  bow  is  it  that  they  are  not  metamorphosed  if  pressure 
alone  is  competent  to  produce  metamorphism  ?  It  cannot  be  said 
that  they  have  not  been  subjected  to  enormous  pressure.  It  cannot 
be  said  that  they  have  not  been  sufficiently  mellowed  by  the  lapse 
of  tbose  "  countless  ages  with  which  geology  deals,"  for  the  dis- 
turbances that  crumpled  the  Culm-measures  would  seem  to  have 
been  of  considerably  greater  antiquity  than  tbose  that  gave  birth 
to  the  Himalayas.  How  are  we  to  estimate  the  intensity  of  a  squeeze 
except  by  the  crusbing  and  crumpling  produced  by  the  squeeze? 
To  say  that  the  rocks  would  have  been  metamorphosed  bad  tlie 
squeeze  been  sufficient  in  intensity  and  duration  is  to  beg  the  whole 
question. 

That  metamorphic  rocks  are  often  highly  contorted  rooks  tnay  be 
freely  admitted,  but  it  does  not  follow  from  this  fact  that  pressure 
and  metamorphism  are  related  to  each  other  as  cause  and  effect 
Indeed,  though  contortion  and  metamorphism  are  sometimes  found 
to  coexist  in  the  same  rocks,  they  are  sometimes  found  apart.  The 
Bude  rocks  show  that  highly  contorted  rocks  are  sometimes  4ovoid 
of  metamorphism,  and  I  can  point  to  the  converse  case  where  highly 
metamorphosed  rocks  are  devoid  of  contortion.  I  can  point  to  a 
considerable  area  in  the  N.W.  Himalayas  in  which  metamorphism 
is  at  its  maximum,  but  where  the  beds  give  little  or  no  evidence  of 
disturbance. 

In  my  first  paper  on  Himalayan  Geology  I  described  my  passage 
over  the  Bupin '  and  some  other  passes.  The  beds  traversed  were 
mica  schists,  siliceous  schists,  and  gneiss.  For  a  distance  of  40 
miles,  measured  in  straight  lines  on  the  map,  and  up  and  down 
over  strata  exceeding  10,000  feet  in  thickness,  the  ever-recurring 

1  American  Journal  of  Science,  1887,  p.  277. 

2  Elevation  15,480  feet. 
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entry  is  "dip  low,"  "dip  flat";*  and  it  is  only  at  the  oommenoe- 
ment  of  this  traverse  that  I  noted  "  some  crushing  and  contortion 
near  Nara  " ;  and  at  its  termination  at  Roru,'  that  the  dip,  which 
for  the  last  few  miles  had  been  "  very  low  N.E.,  suddenly  rose  to 
50°  beyond  Mandari,  and  then  became  perpendicular."  Other 
traverses  in  that  neighbourhood  might  be  quoted ;  they  would 
extend  the  area  without  modifying  the  result. 

If  then  we  find  extreme  metamorphism  in  cases  where  there  is  no 
contortion,  and  great  contortion  where  there  is  no  metamorphism, 
are  we  not  justified  in  seriously  doubting  whether  pressure  alone, 
without  some  other  concurrent  cause,  can  produce  metamorphism  ? 

III. — Notes  on  thb  Geology  of  South  Bedfordshire. 

By  James  Saunders. 

THE  District  included  under  the  term  "South  Bedfordshire" 
is  that  which  lies  between  the  escarpment  of  the  Lower 
Greensand  and  the  extreme  southern  limit  of  the  county.  Within 
this  area  the  portion  that  has  been  most  closely  examined  is  that 
through  which  the  Midland  Railway  passes,  every  excavation  of 
which  has  been  visited,  in  many  cases  frequently,  both  during  the 
construction  of  the  line,  and  also  subsequently.  A  section  drawn 
approximately  north-west  and  south-east  through  the  district  in 
question  would  cover  about  fifteen  miles  of  country,  and  the  principal 
strata  underlying  it  are  as  follows : — 

Oxford  Clay  and  Coralline  Oolite,  near  Ampthill. 

Lower  Greensand,  Flitwick. 

Gault,  near  Harlington. 

Chalk  Marl,  Chalton  cutting. 

Tottemhoe  Stone,        ,,        ,, 

Lower  Chalk,  ,,         ,, 

Bekmnitella  pfena  zone  (Lower  Chalk)  between  Leagrave  and  Luton. 

Mel  bourn  Rock  (Middle  Chalk)  ,,  ,,  ,, 

Rhunehon^lla  Cuvieri  zone  (Middle  Chalk)  ,,  ,,  „ 

Middle  Chalk,  in  massive  blocks.     Cutting  S.E.  of  Luton. 

Chalk  Rock  (top  bed  of  Middle  Chalk).     Between  Luton  and  Chiltem  Green. 

Upper  Chalk,  with  numerous  flints.  „  ,,  ,, 

Taking  these  beds  in  the  order  in  which  they  are  mentioned, 
which,  although  it  is  that  of  the  sequence  of  formation,  is  the  reverse 
of  that  of  superposition,  it  is  proposed  in  the  following  notes  to  give 
a  brief  account  of  their  leading  features,  and  also  of  the  fossils  that 
have  been  found  in  them. 

At  Ampthill  the  excavations  for  the  approaches  to  the  tunnel 
expose  the  Oxford  Clay  and  Coralline  Oolite.  When  first  opened, 
the  lines  of  bedding  could  be  distinctly  seen,  but  subsequent 
Weathering  has  obscured  many  interesting  features.  The  cuttings 
exhibit  a  series  of  beds  of  clay,  brown  at  the  top,  and  containing 
many  small  crystals  of  selenite,  whilst  lower  down  the  beds  are 
dark  blue,  and  with  them  are  intercalated  seams  of  hard  grey  lime- 
rtone,  from  a  foot  to  eighteen  inches  in  thickness.  The  lower  beds 
have  fewer  selenite  crystals  in  them,  but  these  are  more  regular  in 
form  and  beautiful  in  appearance.  One  specimen  obtained  from  the 
»  Records  G.S.I,  vol.  x.  p.  219.  *  Elevation  6260. 
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tunnel  measured  six  inches  in  its  longest  diameter.  The  most 
frequent  fossils  are  Ostrea,  Belemnitea,  and  Ammonites,  Occasionally 
the  bones  of  Ichthyosauri  and  Plesiosauri  are  found,  some  of  which 
must  have  been  from  animals  of  enormous  size.  My  notes  say  that 
"  a  single  vertebra  of  Plesiosaurus  taken  from  the  tunnel  weighed 
ten  pounds.*'  This  is  from  information  obtained  from  the  workmen 
during  the  progress  of  the  works,  when  the  line  was  being  con- 
structed. 

Near  the  village  of  Flit  wick  are  two  cuttings  in  the  Lower 
Greensand,  besides  several  sand-pits  in  the  immediate  vicinity. 
In  most  of  the  sections,  especially  the  one  near  the  railway-station, 
the  dip  of  the  beds  is  well  exhibited.  They  consist  of  yellow  and 
nearly  white  sands,  alternating  with  dark  bands  of  ironstone.  This 
series  of  beds  extends  across  the  county  beyond  Sandy  in  a  north- 
easterly direction,  and  near  Leighton  Buzzard  towards  the  south- 
west. At  Silsoe,  about  four  miles  east  from  Flitwick,  is  an  extensive 
pit,  in  which  is  exposed  a  hard  compact  dark  brown  sandstone. 
This  furnishes  a  building  material  which  has  been  used  in  the 
locality  for  a  long  period,  and  is  apparently  that  froni  which  the 
present  Silsoe  Church  has  been  constructed.  So  extensive  is  the 
sand-pit  that  much  of  it  has  been  turned  into  a  plantation,  in  the 
shade  of  which,  on  the  ancient  facings  of  the  stone,  numeroufi 
mosses  and  ferns  luxuriate. 

The  cutting  south-east  from  Westoning  passes  through  a  bed  ol 
dark  heavy  clay,  which  is  apparently  Gault.  It  exposes  a  continuous 
band  of  coprolitic  nodules,  which  averages  about  a  foot  in  thicknesa 
ITiis  layer  passes  through  about  one-third  of  the  northern  portion  ol 
the  cutting,  and  is  parallel  with  the  general  dip  of  the  beds  of  the 
locality.  The  fossils-  obtained  when  the  section  was  first  examined 
were  Lamna,  Belemnites,  Terehratulaj  and  Parasmilia. 

Near  the  village  of  Chalton,  in  the  parish  of  Toddington,  the 
hills  forming  the  Lower  Chalk  escarpment  ai"e  pierced  by  an 
extensive  cutting  more  than  a  mile  in  length.  In  addition  to  th( 
exposure  of  beds  in  this  excavation,  there  are  also  some  large  lime- 
works  near  the  north-east  end,  close  by  the  railway,  in  which  are 
sections  on  a  higher  level  than  those  of  the  adjoining  line.  Until 
the  present  year  (1889)  these  have  been  for  several  seasons  ir 
active  operation,  and  a  considerable  section  of  chalk  is  exposed 
Consequent  upon  the  abandonment  of  the  works,  a  considerable 
talus  has  accumulated  at  the  base  of  the  deepest  frock-face,  whicl 
obscures  some  portion  of  the  section  that  was  formerly  visible.  Ie 
other  parts  of  the  workings  the  vegetable  soil  has  been  taken  off  by 
the  workmen,  leaving  exposed  tabular  masses  of  Totternhoe  Stone^ 
which  have  been  weathered  into  ujoderately  thin  plates,  presenting 
a  most  desirable  condition  for  seeking  the  contained  fossils.  These 
are  both  characteristic  and  interesting,  and  a  diligent  search  will 
soon  be  rewarded  by  at  least  several  forms  of  Brachiopoda.  At  the 
end  of  this  paper  is  a  list  of  the  fossils  both  from  this  locality,  and 
the  other  principal  sections.  A  few  of  the  most  noteworthy  obtained 
from   the  adjoining  cutting,  deserve,   however,  a  passing  notice. 


James  Saunders — Oeology  of  8.  Bedfordshire.    .      119 

Mr.  Jakes-Browne,  F.G.S.,  who  has  been  most  indefatigable  in 
naming  the  fossils,  and  otherwise  assisting  with  his  extensive 
knowledge  of  their  distribution,  has  in  correspondence  with  me 
made  certain  comments  on  some  of  the  specimens  submitted  to 
him,  which  will  probably  be  of  general  interest.  In  a  letter 
dated  January  SOth,  1887,  he  says :  "  There  are  several  interesting 
Bpecimens,  among  them  the  Turrilite  being  especially  so,  as  it 
belongs  to  a  species  which  has  only  yet  been  found  in  the  south  of 
England,  Turriliies  Mantelli"  In  another  letter  received  shortly 
before,  occurs  the  following  extract :  "  The  larger  specimen  (Belem- 
nite)  from  Chalton  is,  I  consider,  a  new  species,  and  I  am  particu- 
larly pleased  to  have  seen  your  specimen,  because  all  I  have  seen 
before  from  the  Totternhoe  Stone  were  smaller,  so  that  I  was  not 
sure  whether  it  was  a  new  species,  or  the  young  of  Belemnitella 
jjiena.  The  fact  of  yours  being  larger,  and  still  retaining-  the 
character  of  being  the  same  width  from  top  to  centre,  confirms  my 
notion  of  its  being  an  undescribed  species.^  Of  the  Brachiopoda 
from  this  cutting  some  prevalent  forms  are  Terehratula  semiglobosa 
and  Bhynchonella  Martini" 

The  same  bed  has  also  furnished  two  interesting  specimens  of  a 
rare  Crustacean,  Paleega  Carteri,  H.  Woodward,  one  of  which  was 
from  the  lower  portion  of  the  Chalk  Marl,  where  it  is  bluish-grey, 
and  the  other  from  the  higher  part,  which  is  distinguished  as 
the  Totternhoe  Stone.  The  latter  specimen  possesses  the  caudal 
appendages  by  which  Dr.  H.  Woodward  was  enabled  to  determine 
the  affinities  of  the  species,  and  which  that  gentleman  has  described 
and  figured  in  the  Gbol.  Mao.  1870.  It  was  hoped  that  during 
the  progi-ess  of  the  excavations  now  being  made  in  this  cutting  for 
the  widening  of  the  Midland  line,  additional  examples  of  this  inter- 
eHting  species  would  be  brought  to  light,  but  at  present  these  hopes 
are  unrealized. 

The  following  sections  were  observed  at  Chalton,  Aug.  25th,  1889. 

North-east  end  of  pit  of  the  Lime  Works. 

Soil  ...  ...  ...  ...  1  foot. 

Lower  Chalk  ...  ...  ...  ...    about  20  feet 

South-west  end  of  pit  of  the  Lime  Works. 

Totternhoe  Stone,  above  which  the  soil  had  been  removed    2    feet 
Clayey  Chalk  ...  ...  ...  ...  J  foot 

Chalk  Marl  ...  ...  ...  ...  14     feet 

Section  in  the  cutting  a  few  rods  further  south,  close  to  the  bridge. 
Earthy  Clay  ...  ...  ...  ...  3  feet 

vy  D&I&  •••  ■••  «••  •••  •••  M|| 

Totternhoe  Stone      ...  ...  ...  2  „ 

Chalk  Marl  ...  ...  ...  about  33  ,, 

Total  at  this  the  deepest  part  of  the  cutting,  about  43  „ 

The  Totternhoe  Stone  is  a  marked  feature  at  the  northern  portion 

'  Under  date  Jan.  21,  1890,  Mr.  Jukes-Browne  expresses  the  opinion  that  the 
BdmntU  is  probably  that  figured  by  Sowerby  (Min.  Conch,  pi.  600)  under  the 
Bamfi  of  BelemniteM  lanctolatiu. 
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of  this  cutting.  It  oomes  to  tbe  sarfaoe  a  little  north  of  the  bridge 
in  the  immediate  vicinity  of  the  lime- works,  and  passes  downwards 
with  a  gentle  slope  till  it  disappears  southward  at  the  level  of 
the  line.  In  another  section  on  the  same  horizon  exposed  on  the 
London  and  North- Western  Railway  between  Dunstable  and 
Totternhoe  Mr.  Wbitaker  has  distinguished  two  beds  of  this  stone. 
At  the  present  time,  however,  there  is  only  one  that  is  easily  visible, 
standing  out  in  relief  from  the  softer  beds,  the  other  being  obscured 
by  the  detritus  resulting  from  the  weathering  of  the  section. 
The  presence  of  this  stone  is  somewhat  of  a  grievance  at  the  lime- 
works  adjoining  this  cutting,  as  it  is  utterly  useless  for  lime.  From 
its  arenaceous  composition  it  crumbles  into  powder  during  tbe 
burning,  when  by  accident  any  of  it  is  allowed  to  pass  into  the 
kilns.  In  some  extensive  works  further  westward,  just  at  the  base 
of  the  Totternhoe  Knoll,  there  is  a  fine  section  of  the  Grey  Chalk 
which  overlies  the  Totternhoe  Stone,  but  during  the  present  year 
the  stone  itself  can  only  be  seen  in  very  small  sections.  A  few 
years  since  it  was  well  exposed  in  the  deepest  part  of  the  works, 
when  it  presented  a  surface  of  three  or  four  feet  in  thickness  of  a 
massive  dark  grey  sandy  limestone;  at  least  that  was  the  depth  then 
exposed.  It  is  probable  that  during  tbe  next  season  a  considerable 
quantity  of  it  will  be  excavated,  as  there  are  extensive  orders  on 
hand  for  the  Totternhoe  Stone,  which  is  required  both  in  the 
restoration  of  a  mansion  in  Scotland  belonging  to  the  Marquis  of 
Bute,  and  also  for  St.  Albans  Abbey.  It  need  hardly  be  said  that 
this  stone  has  been  largely  used  in  the  construction  of  the  churches 
of  this  district,  of  which  examples  are  furnished  not  only  by  St 
Albans  Abbey,  but  also  by  Dunstable  and  Luton  Churches. 
In  the  latter,  nearly  the  whole  of  the  tower  is  built  of  alternate 
cubes  of  Totternhoe  Stone,  and  chalk-flints  set  in  mortar,  in  this 
way  utilizing  the  materials  that  were  most  easily  obtainable.  This 
was  a  matter  of  great  importance  in  times  when  the  only  meaus 
of  overland  transport  was  by  bad  roads,  or  mere  tracks. 

Keverting  to  the  sections  that  are  exposed  by  the  excavations 
made  for  the  Midland  Railway,  there  occurs  a  short  distance  from 
Leagrave  towards  Luton,  a  long  and  rather  shallow  cutting 
which  exposes  a  series  of  beds  in  the  Middle  Chalk.  Close  by 
the  railway,  about  a  mile  from  Leagrave,  and  one  and  a  half  from 
Luton,  some  lime-works  have  been  opened,  where  an  interesting 
section  is  exposed,  which  descends  below  the  level  of  the  deepest 
exposure  in  the  adjoining  cutting.  In  the  Quarterly  Journal  of  the 
Geological  Society  for  May,  1886,  Mr.  Jukes-Browne  gives  a 
detailed  account  of  the  section  in  the  lime- works,  from  which  it 
appears  that  beneath  four  feet  of  soil  and  thin -bedded  chalk,  there 
.  are  seven  feet  of  Melbourne  Rock,  and  five  feet  of  Chalk  and  shaly 
marl  composing  the  Belemnitella  plena  zone,  resting  on  fifteen  feet 
of  blocky  Lower  Chalk.  Owing  to  the  cessation  of  operations  at 
this  place,  only  a  small  part  of  the  lowest  bed  is  now  visible,  but  the 
whole  of  the  details  of  the  other  portions  of  the  section  may  still  be 
easily  distinguished.      The  fossils  recently  obtained    from  these 
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works  are  enumerated  in  tbe  list  at  the  end  of  this  paper,  the  most 
abandant  form  being  Ostrea  vesietdaris,  var.  Baylei. 

On  the  side  of  Hart  Hill  overlooking  Luton  are  some  of  those 
terraoes  or  lynchets  so  characteristic  of  the  Chalk  Hills.  Other 
examples  exist  between  Luton  and  Dunstable,  near  Chalk  Farm, 
also  above  the  Old  Bedford  Road,  near  Stopsley  ;  and  again  near 
Chalton  on  the  Lower  Chalk  escarpment,  of  which  a  figure  is  given 
in  the  Memoirs  of  the  Geol.  Surv.  vol.  iv.  pt.  i.  p.  366,  also  in 
the  curious  valley  at  the  base  of  Bavensbury  Castle,  on  the  border 
of  Beds  and  Herts.  This  hollow,  in  the  very  heart  of  the  hills,  has 
sides  as  sharply  outlined  as  though  excavated  by  human  agency, 
and  in  its  extent  describes  nearly  a  semicircle.  Commencing  on 
a  south-eastern  aspect,  it  continues  in  that  direction  for  a  short 
distance,  then  turns  sharply  towards  the  east,  gradually  curving  in 
a  northern  direction,  till  it  eventually  opens  on  the  general  trend  of 
the  escarpment  at  the  village  of  Hexton,  where  several  springs  take 
their  rise. 

Between  Luton  and  Chiltem  Green  there  are  several  interesting 
exposures  of  beds  in  the  Middle  and  Upper  Chalky  along  the  courses 
of  the  G.N.B.  and  Midland  lines,  the  most  extensive  of  which  are 
those  of  the  latter  railway.  The  first  excavation  of  any  extent  is 
about  a  mile  south-east  from  Luton ;  it  contains  many  flints,  breaks 
up  into  massive  blocks,  and  in  the  opinion  of  Mr.  Jukes-Browne  is 
to  be  classified  as  Middle  Chalk.  Proceeding  in  the  same  direction, 
the  cutting  opposite  to  Luton  Hoo  Park  presents  an  excellent  section 
of  the  Chalk  Rock,  which  is  usually  regarded  as  the  line  of  demarca- 
tion between  the  Upper  and  Middle  Chalk.  The  beds  exposed  in 
this  cutting  are,  in  descending  order, 

Feet. 

Chalk  with  flints  6  to    8 

Upper  thin  seam  of  Chalk  Rock,  about  J 

Chalk,  intermediate  to  two  seams  of  Chalk  Rock       ...       6  to     8 
Lower  seam  of  Chalk  Rock      ...         ...         ...         ...       3  or    4 

Middle  Chalk,  with  flints  at  top  10  to  12 

The  Chalk  Rock  is  excessively  hard,  so  that,  although  crowded  with 
fossils,  it  is  difficult  to  develope  them  satisfactorily.  In  some  places 
it  is  so  indurated  that  it  rings  almost  like  fiint  when  struck  with 
a  hammer.  It  is  not,  however,  uniformly  compact,  for  in  other 
places  it  is  easily  pulverized.  The  prevailing  colour  is  grey,  some- 
times merging  into  a  creamy  white,  and  it  contains  .many  green- 
ooated  nodules.  There  are  two  beds  often  faulted  lying  approximately 
parallel  to  each  other,  at  a  short  distance  apart. 

The  Chalk  Rock  also  occurs  on  the  opposite  side  of  the  valley 
at  Luton,  under  the  London  Road  hill.  It  was  customary,  some  40 
or  50  years  ago,  when  lime- works  were  in  operation  at  this  place, 
for  the  workmen  to  drive  headings  with  a  rather  steep  incline  into 
the  hill,  until  the  Chalk  Rock  was  reached,  when  they  could  excavate 
considerable  chambers  beneath  it,  as  it  formed  an  excellent  roof  for 
their  working.  These  tunnels  were  sometimes  driven  twenty  yards 
nnder  the  hill  on  the  western  side  of  the  London  Koad,  and  indications 
of  the  works  may  still  be  distinguished. 
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The  Chalk  Rock  in  the  cutting  previously  referred  to  is  one  ( 
the  richest  stations  for  fossils  in  this  district  The  Brachiopoc 
and  Echinoderms  are  always  well  preserved,  but  the  more  delical 
shells  of  the  univalves  have  perished  almost  without  exoeptioi 
leaving  excellent  casts  of  their  external  ornamentation,  and  a  spin 
mould  of  their  interior.  The  Cephalopoda  have  also  experience 
a  similar  decay,  and  when  broken  show  the  divisions  of  the 
chambers,  sometimes  exhibiting  also  a  cast  of  the  siphuncle.  Tl 
general  facies  of  the  fossils  indicates  a  closer  affinity  with  those  < 
the  Middle  and  Lower  Chalk,  than  with  those  of  the  Upper  Chalk. 

Overlying  the  Chalk  Kock,  and  forming  the  upper  portion  of  tl 
adjacent  hills  on  each  side  of  the  valley,  occurs  the  Upper  Chall 
with  numerous  flints.  It  is  white,  friable,  rather  soft,  and  traverse 
by  many  joints,  by  which  it  separates  into  blocks  of  various  size 
Flint  is  present  both  as  nodules,  and  in  thin  seams.  Occasionall 
there  are  thin  layers  of  a  grey  clay  somewhat  resembling  fuller 
earth,  which  indicate  the  lines  of  bedding. 

Overlying  the  Chalk  in  many  places  may  be  observed  drift  sane 
and  gravels,  and  Boulder-clay.  The  drift  is  often  exposed  in  diggin 
in  the  Luton  Valley,  and  is  to  be  seen  also  in  the  Leagrave  ar 
Biscot  pits.  It  contains  many  rolled  fragments  of  Belemnites,  an 
both  Gryphaa  dilataia  and  incurva,  A  fine  specimen  of  the  latt< 
was  obtained  from  the  gravel  at  Hart  Hill,  Luton,  the  edges  beii 
well  preserved,  it  having  been  but  little  exposed  to  attrition. 

The  fossils  proper  to  the  age  in  which  the  drift  was  deposited  thi 
have  been  found  near  Luton  are  the  scapula  of  a  deer  from  tl 
ballast  pit  that  formerly  existed  near  the  first  mile-stone  north  < 
Luton,  and  the  tibia  of  a  deer  from  the  excavation  for  a  cellar  at  tl 
bank  of  Messrs.  Sharpies  &  Co.,  which  was  found  lying  about  t( 
feet  from  the  surface. 

At  the  gravel  pit  near  Biscot,  Mr.  Latchmore  found  a  fine  antl 
of  a  deer  about  twenty-two  inches  in  length,  also  the  core  of  tl 
horn  of  Bos, 

The  Boulder-clay  exists  as  a  surface  deposit  in  many  places  roui 
Luton,  as,  for  example,  London  Road  Hill,  and  the  People's  Par 
Specimens  of  many   of  the  typical  boulders,  both  sandstone  ai 
pudding-stone,  may  be  seen  in    the  immediate   neighbourhood 
Luton. 

In  connection  with  the  surface  deposits  of  South  Bedfordshire,  tl 
supposed  discovery  of  gold  at  Pulloxhill  deserves  a  brief  notic 
The  following  particulars  have  been  furnished  by  Mr.  C.  Crouc 
of  Kitchin  End  near  Pulloxhill,  who  has  courteously  placed  the 
at  my  disposal.  Under  date  November  28th,  1889,  Mr.  Crou< 
writes: — "The  report  of  gold  at  Pulloxhill  is  due  to  a  bed  of  sai 
which  may  be  traced  from  Pulloxhill  Church  in  a  north-easter 
direction  to  the  Thrift  Wood.  This  bed  of  sand  contains  an  interestii 
agglomerate.  A  specimen  of  this  was  submitted  last  summer  1 
Mr.  Cameron  to  Mr.  Rudler,  of  the  Jenny n  Street  Museum.  I 
writes  as  follows :  *  The  rock  containing  the  brilliant  gold-suggestii 
flashes  is  a  highly  micaceous  sandstone,  mainly  consisting  of  ci-ystf 
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Jtne  qoBrtz  with  abundant  mica.  Crushed  in  a  mortar,  and  the 
powder  examined  under  a  mioroBoope,  the  quartz  is  much  iron- 
stained,  giving  the  material  a  yellow- brownish  tint,  which  conspires 
with  the  glistering  bronze  colour  of  the  mica  to  siiggt^st  a  gold- 
bearing  material.'  The  history  of  the  various  attempts  to  find  gold 
is  confused ;  but  about  forty  yeare  ago  I  believe  a  quantity  of  the 
rook  was  dag  and  taken  away  to  be  tested,  apparently  without  result. 
This,  however,  was  not  the  first  trial.  A  giuss  field,  about  25  chains 
norlh-east  from  the  Church,  has  long  been  called  'Gold  Close,'  and 
in  or  near  the  Thrift  Wood,  about  a  mile  north-east  from  the  Church, 
jon  may  see  '  Gold  Copse '  marked  on  the  Ordnance  Survey  (Map)." 

Curiously  enough,  whilst  the  above  correspondence  was  proceeding 
between  Mr.  Crouch  and  myself,  an  old  book  was  brought  under  my 
notice  by  Miss  Higgins.  of  Luton.  It  is  entitled  "Geology  and 
Hislory  of  England,"  Dodsley,  PhII  Mall,  no  date  (probably  fifty 
years  old).  Under  the  heading  Bedfordshire,  p.  3,  it  says:  "At 
Fulloshill,  near  Ampthill,  some  years  ago  a  gold  mine  was  discovered, 
but  it  is  now  entirely  neglected,  the  profit  falling  short  of  the  expense 
of  extracting  the  metal  from  the  ore."  As  the  book  from  which  this 
extract  is  taken  is  simply  a  cflmpilation,  its  avithority  is  very  doubt- 
ful, and  it  may  fairly  be  assumed  that  the  operations  in  search  of 
^Id  have  been  referred  to  erroneously  as  though  they  had  been 
successful  in  a  limited  degree. 

Apparently  in  every  instance  the  seekera  have  been  deceived  by 
the  glitter  of  the  iron-stained  mica,  and  have  never  found  any  of 
the  precious  metal,  at  leaxt  in  appreciable  quantity. 

Some  idea  of  the  thickness  and  average  dip  of  the  beds  that 
underlie  Luton  may  he  obtained  from  the  data  furnished  in  sinking 
(lie  artesian  well  at  the  Luton  Waterworks,  and  from  a  solitary 
rpcord  that  is  left  of  the  boring  at  the  Old  Brewery  in  Park  Street, 
Luton,  Through  the  courtesy  of  the  enf^ineer  of  the  waterworks, 
the  writer  was  enabled  to  see  the  material  brought  up  from  the 
workings.  In  boring  the  well,  the  various  beds  of  the  Middle  and 
Lower  Chalk  were  passed  through  until  a  depth  of  224  feet  was 
reached,  when  the  Chalk  Marl  was  touched,  identical  in  colour  and 
consistency  with  what  ono  finds  at  Clmlton  cutting,  close  to  the 
bridge,  some  four  miles  N.W.;  say  about  30  feet  from  the  surface. 
lliis  would  give  approximately  a  dip  of  about  45  feet  per  mile. 
The  boring  was  continued  over  90  feet  through  this  bed  without 
reaching  its  base,  when  the  workings  were  stopped  at  a  depth  of 
S22J  feet  from  the  surface.  It  was  found  that  there  was  no  increase 
in  the  water-supply  after  passing  into  this  stratum. 

TTie  only  record  known  to  myself  of  the  aitosian  well  at  the  Old 
Brewery,  Park  Street,  Luton,  is  on  a  large  brick  in  the  outer  wall  of 
the  market-room  of  the  Cock  Inn  just  opposite  the  Old  Brewery. 
This  brick  was  made  from  the  material  brought  up  from  the  bottom 
of  the  boring,  and  beai-s  the  following  inscription :  "  F.  Burr, 
465  feet,  Jan.  1828."  From  its  appearance  the  hrick  is  made  from 
Gaolt,  but  there  is  nothing  to  indicate  from  what  depth  that  clay 
was  obtained,  except  that  the  surface  of  the  Gauh  must  be  just 


124  James  Saunders — Otology  of  8.  Bedfordshire. 


below  tbe  bottom  of  tbe  waterworks  boring,  say  at  325  feet,  so  thi 
brick  must  be  made  i^m  clay  140  feet  down  in  tbe  Gault 

The  pleasing  daty  now  remains  to  acknowledge  my  deep  indebted 
nees  to  Mr.  Jukes-Browne  for  bis  unwearied  kindness  in  naminj 
tbe  cbalk  fossils,  and  in  otber  ways ;  also  to  Messrs.  Wbitaker  an( 
Mewton,  as  well  as  otber  members  of  tbe  Staff  of  tbe  Geologica 
Survey,  for  tbeir  valuable  assistance  and  suggestions  during  th 
preparation  of  these  notes. 

Fossils  from  South  Bedfoedshibb. 


Species. 

Upper 

Chalk 

Middle 

Cha&. 

Rock. 

Chalk. 

VeniricuUUs  mammilaris   ... 

•  •  • 

•  •  • 

•  •  ■ 

X 

,,             impressus 

•  •  • 

•  •  • 

•  •  • 

X 

X 

,;             angustatus 

■  •  • 

•  • 

•  •  • 

•  •  • 

X 

„             alcyonoides 

•  • 

■  «  • 

•  •  • 

•  ■  • 

X 

Camerospongia^  sp.  nov.     ... 

■  •  1 

■  ■  • 

•  ■  • 

•  •  • 

X 

Verrucocalia  tubulata 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

X 

Plocoscyphia  JUxuosa 

•  •  • 

•  •  • 

■  ■  ■ 

•  •  • 

X 

y,        sp,    f                     ...                ,,, 

•  •  • 

a  c  • 

•  •  • 

•  •  • 

X 

Parasfnilia  centralis  ? 

••  • 

•  •  • 

■  •  • 

■  •  ■ 

X 

Mictaster  cor-Ustudinarium 

•  ■  • 

•  •  • 

•  •  • 

X 

X 

,,        cor-anguinum     ... 

•  • « 

•  •  • 

•  •  • 

X 

Holctster  cor- avium  ... 

•  •  • 

•  •• 

•  •  • 

•  •  • 

•  •  ■ 

X 

A  nanchytes  avatus 

•  •  • 

•  •  ■ 

•  •  • 

X 

Galeritts  globulus     

•  •  • 

•  «  ■ 

•  •  • 

X 

,,     sub-rotundus 

••  • 

•  •• 

•  ■ 

•  •  • 

•  •  • 

X 

,,     conicus        

a  •  • 

•  •  • 

•  •  • 

X 

Discoidea  Dixoni      

•  •  • 

•  ■  • 

•  •  • 

•  •  ■ 

■  •  • 

X 

SaUnia  granulosa     

•  •• 

•  •  • 

•  «  • 

X 

Cidaris  Merceyi       

•  •• 

•  •• 

•  •  • 

X 

•  •  • 

X 

,,    hirudo  ?       

•  ■  • 

•  •« 

•  •  • 

X 

,,    sceptrifera 

•  ■  • 

•  •  • 

•  •  • 

•  ■  • 

•  •  ■ 

X 

Cyphosoma  Kanigii 

•  •  • 

•  •• 

•  »  • 

■  •  • 

•  •  • 

X 

Serpula  plana        

•  •  « 

•  a  • 

•  •  ■ 

X 

,,     granulata 

•  •  • 

aaa 

•  •  • 

•  •  • 

X 

Terebratulina  gracilis 

•  a  • 

•  •  • 

•  ■  • 

X 

Terebratula  semiglobosa 

•  •  • 

•  •  • 

•  •  • 

X 

,,                 „       var.  bulla 

«•  • 

•  •  • 

•  •  • 

•  •  • 

X 

Rhynchonella  plicatilis 

•  •  • 

•  •  • 

•  •  • 

X 

X 

„                 ,,       var.  octoplicata 

•  •• 

•  •  • 

X 

X 

,,     Cuvitril 

•  •• 

•  •  • 

•  •• 

X 

X 

Pecten  Beavert         

•  ■  • 

•  •  • 

•  ■  • 

X 

„     quinquecostatus 

•  •  • 

•  •  • 

•  •  • 

X 

Lima  spinosa            

•  •  • 

«•  • 

•  •  • 

X 

X 

X 

„     striata  ?      

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

«•• 

X 

Spondylus  lotus        

•  •  • 

•  •  • 

•  •  • 

X 

Ostrea  larva 

•  •  • 

«  •  « 

•  •  • 

X 

yy      sij*  r              ••«          ••• 

«•  • 

•  •  • 

•  •  • 

•  ■  • 

•  •  a 

X 

,,     sp.  nov.  ?   ... 

•  ft* 

•  •• 

•  •  • 

X 

„     vcsicularis 

•  •• 

•  •• 

•  •  • 

X 

„          „       var.  BayUi 

•  •• 

«•• 

aft* 

•  •  • 

•  •  . 

X 

,,     Normanniana 

•  •• 

•  •• 

•  ft  • 

X 

Exogyra  haliotoidea 

•  •  • 

•  •  . 

•  •  • 

•  •  • 

•  «• 

X 

Inoceramus  Brongniarti     ... 

•  •  « 

•  •• 

•  •  • 

•  •  • 

X 

X 

II     sjp*  r            •••         •«• 

•  •• 

•  •« 

•  •  * 

X 

II           sp*    A                             •••                     ••• 

•  •• 

•  •• 

•  • 

•  •  • 

X 
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Upper 

Chalk. 

Middle 

Spicibs. 

Chalk. 

Rock. 

Chalk. 

Hippurites  Mortoni 

■■• 

X 

Cypruardia  trapetrndalis     

X 

PUurot0maria  persptctwa  ? 

X 

Turbo  gemmatus      

'     X 

Trochus  (cast)          

X 

,,      Sp.  DOT.         ...           •••            ... 

X 

Natka  (cast)             

•  •• 

X 

Cinulia  (cast)           

X 

Hduoceras^  sp.  nov.           

X 

ScapkUes  Gnniisia 

X 

Ammonites  prosperianui     

X 

Nautilus  lavigatus              

X 

BeUmnitella  mucronata^  var.  quadraia 

X 

Rkyncholites 

X 

..« 

X 

Ptychodus  mammilaris        

X 

X 

„        laiissimus            

X 

•  ■• 

X 

ff        sp.  f         ...         ..«         ... 

•  •  • 

X 

Enckodus  kalocyon 

X 

Corax  heterodon  (from  Harpenden,  Herts) 

X 

• 

Lamna  acuminata 

••• 

X 

•  •  • 

X 

Otodus  appendiculatus         

•  •  • 

X 

}y           Spa          •••                      •*•                      •••                      ••• 

•  •  • 

•  •  • 

X 

Fossils  from  the  Chalk  Rock  between-  Luton  and  Ohiltern  Green, 
other  than  those  mentioned  above,  in  the  Collection  of  Dr.  Morison. 
See  "  Trans.  Herts  Nat.  Hist.  Soc.  vol.  v.  Dec.  1889." 


Ventrieulitea  radiattu 

,,         muricatua 
Camerospongia  eampanulata 
Cepha/iUs  perforata 
Cf/ncinopora  infundibuliformii 
TlocuBctjphia  eonvoluta 
Folijjereay  sp. 
Gueitardia  deltata 

„         stellata'i 
Placotrema  eretacaim 
Micros ter  hreviporus 

,,         eor-hwiSf  var. 
Holaster  planus 

,,         treeensis 

,,         sp.  nov. 
Cyphosoma  radiatum 
Serpuia  plexus 
JialantfSf  sp. 
Rhynchonella  ManMli 
Terebratula  hiplieata 
carti^a 


if 


Oairea  Horttianniana? 
Lima  Hoperi 
Inoceramua  latm 

yf        mytiloidet 
MytiiuSf  sp.  ? 
Area  galliennia 

„         sp. 
Cardita  tenuicoBta  P 

»»         sp. 
Trochus  Mareaisi 
AvellanOy  sp. 

RosteUaria  (two  undetermined  sps.) 
TttrriteUaj  sp. 
Ammonites  varians  ? 
Seaphites  aquatis 
BactditeSy  sp. 
AncyloceraSy  sp. 
HeteroceraSy  sp. 
Turrilites  senequierianus  P 
Corax  falcatus  (tooth) 


Fossils  from  the  Mblbourn  Rock  (Middlb  Chalk)  ksn  Belbmnitblla 
PLBN'a  zoNB  (Lower  Chalk)  bbtw^ebn  Lbaorayb  and  Luton. 

Melboubn  Rook. 

Ostrw  vetieularitf  var.  BayUi,    Abundant. 

Belemmitella  plena  zone. 

Ithynehonella  Cnvieri, 

,j  plieatilia, 

Lepm  (Crustacean). 


Ostrea  vesieularis^  var.  Bayloi. 
Ftychodus  decurrens. 
Lamna  gracilis. 
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-   Sr.a«. 

Lo™c-MX 

Stobi. 

Cbal 

K  MJI.L- 

Ch»]- 

Olber 

CIkI- 

T«t«. 

Cl»l- 

BJd.'sS 

hoe. 

SI' 

JVIkifa  glaiir 

flai/ama,%p.? 

^ 

VtHtri€iUiUi        

Tretocyalkut.  sp,  ?     

„         sn^/o/M,  sp.  ?... 

Micrabacia  tornHMla    

s 

Serpula  annttlata       

"_ 

.". 

, 

Pahtge  Carleri 

,,        lultala       

... 

^fartiHi     

C«*t.       

,tmighh»sa 

„          biflirala     

1,               „     vsr.<rf/«™ 

Magat  fumUus 

£.«a«^™/o? 

esprra         

Sfondylut  giihonu     

Plk<ilula  injl,ita 

x' 

i' 

* 

„         fattneida 

Palm  qmnqnttostatus 

* 

i 

* 

"         BtaveH      ".'.. 

,,          (trbirularii 

X 

Oslria  cariHola,  var.  frmi 

Dinlalitun  (cast) 

tlliflitum 

... 

FleurBtemarialrxsX) 

^r«.«^rna,um       

Turrilila  Ittaithlli     

.,          Coupri        

Sluderi       

... 

Naia,!ui,vp.7    .:.     

„        ilcgans      

... 

BdlmniUi  minimus    

sp.  ?  new  plma 

Coprolitts     

C«sU  of  Ganoid  Scales?    ... 

Ptychadm  dtcurriHS   

talinimus 

NetiiaitHs  muredon   

ia«M,  ip.?       

* 
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Spbciss. 

LowKR  Chalk. 

tottimnhob 
Stonb. 

Chalk  Marl. 

Chal. 
ton. 

Other 

loc&lities. 

Cbal- 
ton. 

Tottern- 
hoe. 

Chal. 
ton. 

Basemeni 

B«d,  Bar. 

ton,  and 

near 
Hexton. 

Odmtaspis  gracilis     

Oxyrhma  macrorkita7 
CimoUcfUhys  striatusl 
Otodus  appendiculatus 

PUmuxufus^  sp.  ?       

Ichikyosaurus  campylodan.,, 

yy                 sp*    X        •••           •■•           ••• 

Polfptychodon  inierruphts ... 

•  •  • 

•  ■  • 

•  •  • 

•  •  « 

•  •  « 

•  •  ■ 

•  •  ■ 

X 

... 

X 
X 

•  •  • 

•  •• 

■  ■  • 

•  •  • 

•  •  • 

■  •  * 

X 

•  •  • 

X 

•  •  • 

•  •  • 

•  •  * 

X 

•  •  • 

•  •  • 

•  •  • 

•  •• 

•  •  • 

•  •  • 

•  •• 

X 

X 
X 

X 
X 

Fossils  from  ths  Lowbb  G&bemsamo,  Millbbook,  Bbos. 
Sphmrodut  tuoeomensu* 
J^enodont,  teeth  (young). 
Aerodus  reticulaiua. 
Atteraeanihut  ?  dorsal  spine,  incomplete. 

Jehthyotaurut  \ 

Dakoiourus  ?  r     teeth,  some  deriyed  from 

Polyptyehodon  I  the  Oxford  Clay. 

FUtiotaurut  ) 

An  imdescribed  tooth,  thought  by  Mr.  E.  T.  Newton  to  be  Beptilian. 

Fossils  from  Ampthill,  Beds. 
Limestone  Bands. 


(^daritjlorigemma^  Phil. 
£iogyra  nana.  Shy. 
^iffita  lanceolata,  Shy. 

fenlacrmuM. 

Ctdaru  Smithif,  Wright. 
Serpuia  triearinata?  Shy. 
^^ynehonella  variant^  Schloth. 
Grifphea  dUatata. 
itltmnita  hastatut,  Blain. 
„        tulcatut,  Mill. 


Ottrea  gregaria.  Shy. 
Trigonia  irregularis  ?  Seebach. 
Afaria  trijida,  Phil. 

Oxford  Clay. 

Belemnites  Otoenii,  Pratt. 
Ammonites  eordatus,  Shy. 

pUratiliSf  Sby. 

athletus,  Sby. 

biplex,  Sby. 

near  Toueasianus,  d'Orb. 
lehthyosaurus. 


it 

tf 


I^  E  "V"  I  E  ^W  s. 


I'^A  Manual  of  Palzbontology  for  the  Use  of  Students,  with 
A  General  Introduction  on  the  Principles  of  Paljeontology. 
By  Henry  Alleyne  Nicholson,  M.D.,  D.Sc,  F.G.S.,  etc.,  Regius 
Professor  of  Natural  History  in  the  University  of  Aberdeen, 
and  HiCHARD  Lydekker,  B.A.,  P.G.S.,  etc.  Third  Edition. 
Re-written  and  greatly  enlarged.  In  Two  Vols.  Royal  8vo. 
pp.  1624,  with  1419  Woodcut  Illustrations.  (William  Black- 
wood &  Sons,  Edinburgh  and  London,  1889.) 

(Continued  from  page  87.) 

IN  a  work  undertaken  by  two  or  more  authors,  it  is  always  diflScult 
to  secure  nniformity  of  treatment ;  and  a  few  striking  differences 
&re  obseryable  in  the  two  volumes  before  us.  As  already  remarked, 
^hile  the  micioscopical  characters  of  all  the  principsA  ekelQloi  W^xxs^ 
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met  with  in  eaoh  division  of  the  Invertebrata  are  not  merely  de- 
scribed but  well  illustrated,  not  a  single  figure  is  devoted  to  the 
histology  of  the  Yertebrata,  and  there  are  no  desoriptions  of  tissues 
that  can  be  regarded  as  precise  or  in  all  respects  accurate.  Again, 
the  excellent  plan  of  printing  in  italics  concise  definitions  of  each  of 
the  great  groups,  adopted  throughout  the  first  volume,  is  not  followed 
in  the  second ;  and  the  insertion  among  the  figures  of  Yertebrata 
of  several  woodcuts,  whose  only  interest  consists  in  their  antiquity, 
and  of  which  the  accuracy  is  in  inverse  proportion  to  their  age, 
forms  a  striking  contrast  to'  the  selection  of  figures  employed  for  the 
illustration  of  the  Invertebrata. 

A  brief  general  statement  of  the  principal  characters  of  the  Verte- 
brate skeleton  follows  the  definition  of  the  sub-kingdom ;  and  each 
class  is  subsequently  treated  in  more  detail  at  the  head  of  the  section 
relating  to  its  extinct  representatives. 

In  the  general  description  of  the  Class  Pisces,  the  absence  of  any 
precise  description  of  the  histology  of  the  exoskeleton  is  especially 
unfortunate ;  and  even  more  so  is  the  allusion  to  Selachian  dermsd 
tubercles  as  "  bony  "  and  **  supported  on  bone."  One  of  the  more 
frequent  problems  to  be  solved  by  the  Palseiohthyologist  has  refer- 
ence to  the  true  nature  of  detached  fragments  of  the  dermal  armour 
of  fishes;  and  the  differences  between  (i)  the  vascular  dentinal 
structure  characteristic  of  Elasmobranchii  and  Chimseroidei,  (ii)  the 
isopedin  of  some  of  the  earlier  **  Ganoids,"  and  (iii)  the  true  bone  of 
Sturgeons  and  other  "  Ganoids,"  are  so  distinct  and  noteworthy,  that 
the  most  elementary  guide  to  the  student  ought  to  provide  detailed 
descriptions  with  figures.  The  illustrations  of  cycloid  and  ctenoid 
scales  (figs.  832,  883)  will  also  prove  somewhat  confusing ;  the 
smooth  posterior  border  being  directed  downwards  in  the  first,  and 
the  prickly  homologous  border  turned  upwards  in  the  second.  The 
statement  that  there  are  no  neural  and  haemal  arches  in  the  vertebral 
column  of  Sharks  (p.  915)  is  rightly  contradicted  by  descriptions 
and  figures  in  the  following  chapter ;  and  the  brief  allusion  to  the 
"  pelvis  "  on  p.  919  is  scarcely  so  explicit  as  desirable.  The  earliest 
known  fishes  are  not  Placodermata  (as  stated),  but  Pteraspidians ; 
and,  following  the  latest  researches,  the  author  dismisses  conodonts 
with  a  brief  mention,  illustrated  by  the  familiar  figure.  The  classi- 
fication proposed  by  Huxley,  in  1876,  is  adopted,  each  of  the  six 
divisions  being  termed  orders,  and  all  except  the  first  (Cyclostomi) 
having  undoubted  extinct  representatives. 

The  Elasmobranchii  are  treated  for  the  most  part  in  accordance 
with  the  British  Museum  Catalogue;  and  the  singular  family  of 
Squfiloraiidsd  is  placed  in  the  Chimadroidei  on  the  authority  of  Dr. 
Traquair.  The  Dipnoi  comprise  theLepidosirenidse,  CeratodontidsB, 
PhaneropleuridsB,  and  Dipteridaa ;  and  the  Ganoidei  follow,  arranged 
and  subdivided  as  suggested  by  Dr.  Traquair.  Here,  unfortunately, 
some  minor  inaccuracies  occur,  and  the  selection  of  several  of  the 
woodcuts  is  far  from  satisfactory.  The  canals  of  the  "  lateral  line," 
for  instance,  have  only  been  found  in  the  Pteraspidae,  not  in  the 
Cephalaspidsd ;    there  are  no  Lower  Devonian  rocks   in  "North 
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Wales,"  HoUuptB  having  been  discovered  in  Monmouthshire ;  and 
Didymaspia  is  not  Silnrian,  but  Devonian.  It  is  correctly  stated  that 
Scaphaspia  has  proved  to  be  the  ventral  shield  of  PteraBpia ;  never- 
theless, Lankester's  erroneous  figure  with  the  mouth  in  the  middle 
of  the  truly  armoured  abdominal  region  still  survives.  It  would 
perplex  any  one  but  a  specialist  to  comprehend  the  old  figure  of 
Cyathaapia ;  and  the  anal  fin  is  even  yet  retained  in  the  restoration 
of  Coceoateua,  notwithstanding  M*Coy*s  assertion,  thirty  years  ago, 
that  such  a  feature  did  not  exist  in  the  numerous  specimens  he  had 
examined,  and  that  Agassiz*8  determination  of  it«  presence  was 
doubtless  founded  on  a  mistake.  It  was  excusable  fifty  years  ago 
to  make  use  of  a  Teleostean  head  to  impart  a  life-like  form  to  the 
dilapidated  trunk  of  a  Devonian  Ganoid ;  but  the  progress  of 
research  ought,  by  this  time,  to  have  exterminated  so  fundamental 
an  error.  We  are  thus  astonished  to  find  Agassiz*s  restoration  of 
Dipterua  once  more  repeated  (fig.  907),  and,  not  only  so,  but  now 
labelled  Thuraiua  macrolepidotua,  through  an  unfortunate  misunder- 
standing of  recent  researches.  Huxley's  restorations  of  Coelacanths, 
with  their  broom-like  dorsal  fins,  still  persist,  in  spite  of  von  Zittel's 
beautiful  engraving  of  Undina;  and  a  beginner  might  well  be 
excused  for  failing  to  recognize  a  Sturgeon  from  the  old  caricature 
on  p.  975.  Most  of  the  other  figures  of  Ganoids,  however,  are 
Batisfactorily  up  to  date ;  the  only  serious  inaccuracy  occurring  in 
Agassiz^s  restoration  of  Aapidorhynchus,  where  the  rostrum,  as  well 
as  the  upper  jaw,  is  shown  to  be  provided  with  teeth. 

In  the  arrangement  of  the  Teleostei,  Dr.  Giinther's  classification 
is  adopted  ;  and  the  only  important  additions  to  the  scheme  occur  in 
the  section  upon  the  Cretaceous  forms.  The  provisional  groups 
from  the  Chalk,  distinguished  by  Smith  Woodward,  are  named  and 
regarded  as  families  of  Physostomi ;  and  most  of  the  genera  are 
treated  in  accordance  with  the  determinations  of  the  same  author; 
The  enumeration  of  the  extinct  representatives  of  the  later  families 
will  prove  useful  for  reference,  though  somewhat  uninteresting 
reading;  and  the  majority  of  the  illustrations  are  both  artistic  and 
accurate.  The  usual  bibliography  follows,  with  references  to  most 
of  the  principal  works  and  memoirs ;  but  we  venture  to  suggest  that 
the  omission  to  record  any  of  Egerton's  contributions  to  the  subject 
beyond  a  single  brief  technical  note  of  limited  interest,  is  scarcely 
doing  justice  to  one  of  England's  foremost  palseontologists. 

As  may  naturally  be  supposed,  the  chapter  devoted  to  the  Am- 
phibia is  chiefly  concerned  with  a  discussion  of  the  Labyrinthodonts. 
These  form  an  order,  subdivided  (after  Anton  Fritsch)  into  "  four 
series  or  suborders,  according  to  the  external  contour  of  the  body 
and  the  nature  of  the  vertebral  column."  The  Bohemian  Branchio- 
iaurua  is  regarded  as  identical  with  the  French  Protriion ;  Flatyceps, 
from  the  Australian  Hawkesbnry  Beds,  is  said  to  be  probably  tlie 
same  as  BothricepSf  also  Australian ;  and  the  South  African  genus, 
Bhytidosteua,  is  provisionally  arranged  with  the  Archegosauridae. 
Eosaurua  is  degraded  from  its  Heptilian  rank  held  in  the  last  edition 
of  the  work,  and  now  rightly  appears  as  a  Labyrinthodont  incerta 
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iedii.  Among  later  Amphibia,  the  family  HylfleobatraohidaB  is  pro- 
posed for  the  Wealclen  Caudate  genns  Bylaohatraehua  of  Dollo;  and 
the  description  of  the  Eoaudata  is  well  up  to  date,  though  some 
reference  might  have  been  made,  at  least  in  ^e  table  of  "Literature,*' 
to  the  recent  elaborate  researches  of  Wolterstorff. 

In  the  Reptilia,  the  great  groups  are  arranged  chiefly  according  to 
the  system  proposed  by  George  Baur.  Four  diverging  "branches" 
are  recognized,  and  it  is  remarked  '*  that  the  close  approximation  to 
the  Amphibia  presented  by  the  earlier  members  of  several  of  these 
branches  suggests  the  idea  that  Reptiles  may  have  been  derived  from 
the  Amphibians  by  more  than  one  line  of  descent."  The  so-called 
order  Proganosauria  is  thus  rejected  ;  and  "  the  manifest  affinity  of 
[its  type-genus]  Jfeaosauriu  to  the  more  typical  Sauropterygia,  and 
of  FaliBohatteria  to  the  Khynchocephalia,  seem  to  render  it  more 
advisable  to  refer  those  genera  to  the  two  orders  in  question,  of 
which  they  will  respectively  form  the  most  generalized  stage." 

The  Theromorous  Branch  of  Reptiles  is  regarded  as  comprising 
only  a  single  order,  that  of  Anomodontia,  noteworthy  for  the 
resemblance  of  many  of  its  features  to  those  of  the  Labyrinthodont 
Amphibia,  and  of  the  Monotrerae  Mammalia.  The  order  appears 
to  be  confined  to  the  Permian  and  Trias,  and  is  subdivided  into 
Pariasauria,  Theriodontia,  Dicynodontia,  and  Procolophonia.  Parta- 
saurua  is  noticed  as  described  by  Seeley ;  and  Anthodon,  also  from 
the  Karoo  System,  is  included  in  the  same  family.  The  gigantic 
Anomodonts,  Tapinocephalus  and  Titanoauchus,  from  the  Karoo,  form 
the  first  family  of  Theriodonts,  and  the  pelvis  named  PhoeosauruB  is 
recorded  as  not  impossibly  referable  to  the  former.  The  Placodontia 
are  placed,  as  a  group  of  uncertain  rank  and  position,  between  the 
Theromorous  and  Synnptosaurian  liranches ;  and  the  interesting 
fact  is  noted,  that  all  known  limb-bones  from  the  Muschelkalk,  in 
which  the  skulls  of  Placodua  occur,  are  either  Dinosaurian  or 
Sauropterygian.  The  Synaptosaurian  Branch  comprises  the  orders 
of  Sauropterygia  and  Cbelonia,  illustrated  by  numerous  good  figures; 
and  the  last-named  order  is  further  divided  into  the  suborders  of 
Athecata  and  Testudinata  (Tbecophora),  in  accordance  with  the 
researches  of  Cope,  Boulenger,  and  Dollo.  The  opposite  view  of 
Baur  is  mentioned,  but  the  Athecata  are  provisionally  adopted  as 
the  more  primitive  (not  degenerate)  type ;  and  "  before  a  decisive 
opinion  can  be  given  on  this  question,  it  must  be  detennined  whether 
the  absence  of  a  bony  connection  in  this  group  between  the  parietals 
and  pterygoids  is  to  be  regarded  as  an  acquired  or  as  an  original 
feature."  The  Streptostylic  Branch  comprises  the  orders  Ichthyo- 
pterygia,  Proterosauria,  Rhynchocephalia,  and  Squamata,  and  the 
opening  paragraph  of  the  chapter  relating  to  these  is  an  interesting 
study  in  the  complexity  of  taxonomy  and  nomenclature.  All  the 
Ichtbyosauria  are  included  in  a  single  family  ;  and  in  the  Addenda 
(p.  xi)  the  species  Ichthyosaurus  platyodon  is  made  the  type  of  a  new 
genus,  Temnodontosaurus.  The  Rhynchocephalia  are  divided  into 
the  suborders  of  Simaedosauria,  Sphenodontiha,  and  Homaeosauria, 
and  PaliBohatteria  is  placed  first  in  a  doubtful  subordinal  position. 
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AlthoQgh  the  position  of  the  mandible  in  Huxley's  restoration  of  the 
head  of  Hyperodapedon  is  rightly  stated  to  be  erroneous,  the  figure 
is  repeated  without  emendation ;  and,  it  may  be  added,  materials  are 
fortiicoining  for  a  much  more  acourate  view  of  the  skull  of  Rhyncho^ 
taurus  than  is  given  in  the  old  woodcut,  fig.  1038.  With  the 
exception  of  the  Pythonomorpha,  the  groups  of  Squamata  are  not  of 
much  palsBontologioal  interest ;  but  known  facts  are  fully  summarized, 
and  the  chapter  ends  with  the  portrait  of  a  living  Cobra.  The 
Archosaurian  Branch  consists  of  the  three  orders,  Dinosauria, 
Crooodilia,  and  Ornithosauria,  which  include  the  most  highly 
developed  and  largest  Reptiles,  and  make  the  nearest  approach  in 
their  organization  to  the  Avian  type.  The  recently  proposed  sub- 
division of  the  Dinosauria  into  two  orders  is  mentioned,  but  not 
adopted,  and  the  so-called  Stegosauria  are  merged  with  the  suborder 
Ornithopoda.  A  restoration  of  Megalosaurus  is  copied  from  Mansel- 
Pleydell*8  Synopsis  of  the  Dorset  Fossil  Reptiles ;  and  the  complex 
Btory  of  the  British  Atlantosauridsd  is  briefly  related  on  p.  1175. 
The  Aetosauria  and  Parasuchia  are  retained  among  the  Crocodiles, 
and  the  Eusuchia  form  a  third  suborder,  including  Huxley's  Meso- 
suchia,  and  divided  into  an  amphicoelian  and  a  procoelian  series. 
In  the  account  of  the  Ornithosauria  the  most  important  memoir  of 
recent  years  (E.  T.  Newton,  On  Scaphognathu8  Pardoni,  Phil.  Trans. 
1888)  is  singularly  ignored ;  and  we  once  more  meet  with  woodcuts 
that  are  so  well  known  to  be  erroneous  that  the  impressions  they 
give  are  even  corrected  in  the  text.  It  is  time  that  such  misleading 
and  now  exploded  guesses  at  truth  as  those  embodied  in  figs.  1095 
and  1099  were  consigned  to  the  limbo  of  early  palBBontological 
failures.  The  omission  to  include  the  memoir  of  Newton  just 
mentioned  in  the  literature  of  the  subject  is  also  somewhat  un- 
fortunate ;  for  this  is  accompanied  by  an  appendix  giving  the  most 
complete  bibliography  of  Ornithosauria  hitherto  compiled. 

The  chapters  on  Aves  are  arranged  chiefly  in  accordance  with 
Prof.  Alfred  Newton's  scheme  of  classification ;  and  Dr.  Gadow's 
latest  researches  on  the  Ratitae  are  also  mentioned.  Many  good 
illustrations  are  introduced,  but  a  figure  of  the  Berlin  Archceopteryx 
would  have  been  a  desirable  addition.  Mr.  E.  T.  Newton's  well- 
known  memoir  on  Oastornis  ought  also  to  have  been  noticed  in  the 
literature  of  the  subject. 

The  general  introduction  to  the  Mammalia,  which  chiefly  concerns 
the  skeleton,  is  followed  by  an  interesting  sketch  of  the  evolution  of 
the  class,  so  far  as  known.  The  classification  adopted  is  that  of 
Professors  Flower  and  Huxley,  and  the  latest  discoveries  all  appear 
to  be  duly  incorporated.  The  Mesozoic  group  of  Multituberculata 
is  provisionally  placed  among  the  Prototheria ;  while  the  numerous 
polyprotodont  jaws  of  the  same  epoch  are  assigned  to  the  Meta- 
therian  Marsupials.  In  the  treatment  of  these  early  forms,  Prof.  H. 
F.  Osborn's  observations  are  largely  quoted,  and  three  of  Professor 
Marsh's  new  figures  are  added.  Among  later  Marsupials,  the  genera 
described  by  Sir  Richard  Owen  from  Australia  are  most  conspicuous ; 
but  the  upper  incisors  of  Diprotodon  in  fig.  1155  are  inaccurately 
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drawn,  and  the  old  erroneous  theoretical  restoration  of  the  mandible 
of  Thylacdeo  is  once  more  repeated,  notwithstanding  Sir  Richard 
Owen's  description  of  the  actual  fossil  five  or  six  years  ago.  In  the 
PhalangeridflB,  the  premolar  slopes  outwards,  not  inwards  as  stated 
(p.  1286) ;  and  as  regards  Bradypus  didactylua  among  the  Sloths 
(p.  1300),  we  would  remark  that  it  is  identical  with  Cholcepui 
didactyluBf  having  two  toes  on  the  fore  foot  and  three  on  the  hind 
foot  A  new  figure  of  Scelidotherium  by  Prof.  Capellini  is  added, 
from  the  Bologna  Report  of  the  International  Geological  Congress ; 
and  the  extinct  European  genera,  Maerotherium  and  Aneyloiheriumj 
are  removed  from  the  Edentates  to  the  primitive  Ungulates,  adopting 
the  recent  determinations  of  Dr.  Filhol.  The  name  Nothrotherium  is 
substituted  for  the  pre-occupied  Ccelodon  (p.  1299) :  and  the  recent 
discovery  of  a  Pangolin  (Palaomanii)  in  the  Isle  of  Samos  is  recorded. 
The  Cetacea  and  Sirenia  are  fully  treated,  and  the  very  long  section 
on  the  Ungulata  is  profusely  illustrated.  The  well-known  evidences 
of  evolution  in  the  various  types  are  pointed  out,  and  several  original 
observations  are  recorded.  The  resemblance  between  the  skull  of 
the  newly-described  Samotherium  and  that  of  the  antelopoid  genus, 
PaliBotragua,  is  remarked  upon ;  and  the  so-called  Maerotherium 
aivaienBe,  from  the  Siwalik  formation,  is  placed  in  the  Chalicotheriidas, 
like  its  European  representatives  determined  by  Dr.  Filhol.  Prof. 
Marsh's  new  restoration  of  Titanotherium  (or  Brontop»)  robustum 
and  Prof.  Cope's  figure  of  Fhenacodus  prtmavus  are  added ;  and 
the  so-called  IMnocerag  and  TinocertiSt  from  the  Bridger  Eocene  of 
the  United  States,  are  described  as  identical  with  Uintatherium,  For 
various  reasons,  however.  Prof.  Marsh  does  not  adopt  this  earlier 
name,  and  the  quotation  on  p.  1390,  from  that  author,  should  have 
been  precise,  llie  enumeration  of  the  extinct  Rodentia  is  elaborate, 
though  with  few  figures ;  and  then  follow  the  Camivora,  occupying 
thirty  pages,  illustrated  by  nearly  forty  woodcuts.  Among  the 
latter  are  valuable  lateral  views  of  the  detached  dentition  of  the  Seal, 
Dog,  and  Bear ;  and  the  family  UrsidsB,  as  in  the  author's  previous 
publications,  is  defined  as  including  both  Dogs  and  Bears. 

The  last  chapter  is  devoted  to  the  Insectivora,  Cheiroptera,  and 
Primates  ;  the  former  two  orders  being  illustrated  by  figures  chiefly 
of  existing  types,  while  some  interesting  figures  recently  published  by 
Prof.  Cope  are  incorporated  in  the  account  of  the  Lemuroid  Primates* 
Nearly  seventy  works  and  memoirs  are  enumerated  in  the  literature 
of  the  Mammalia,  and  we  would  add  one  more  from  which  infor- 
mation has  been  obtained  for  the  text,  namely,  Mr.  E.  T.  Newton's 
Memoir  on  the  Vertebrata  of  the  Forest  Bed. 

The  volume  concludes  with  a  section  on  Paladobotany,  giving  "  an 
extremely  brief  and  entirely  general  sketch  of  the  past  distribution 
and  succession  of  the  chief  types  of  plant-life."  This  part  of  the 
work  has  been  compiled  by  both  the  authors  jointly,  and  numerous 
figures  not  given  in  the  earlier  editions  are  added.  The  bibliography 
is  fully  detailed,  but  Mr.  Eidston's  memoir  on  the  Radstock  Coal- 
plants,  we  observe,  has  been  ascribed  to  another  author. 

In  an  appendix,  several  publications  that  have  appeared  during 
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the  progress  of  the  work  are  briefly  noticed ;  and  one  of  the  foot- 
notes is  a  protest  against  the  making  of  such  **  uncouth  *'  and 
"barbaroas"  names  as  Wardiehthya  and  Leedaichthyi,  By  some 
strange  oversight,  however,  the  most  "  barbarous "  of  all  such 
names,  Gondwanoaaurus  of  Lydekker,  is  omitted  from  this  category. 
The  index  of  genera  occupies  about  fifty  pages,  and  almost  every 
palflBontological  form  of  importance  seems  to  be  included. 

n.— CoNTBIBUnONS   TO   THE   MiORO-PaLAOMTOLOGY   OF  THE  CaMBRO- 

SiLURiAN  Books  op  Canada.  Pt.  II.  pp.  27-57,  with  Two 
Lithographed  Plates  and  Two  Woodcuts.  By  E.  O.  Ulrioh. 
(Greologioal  and  Natural  History  Survey  of  Canada.  Montreal : 
W.  F.  Brown  &  Co.,  1889.) 

THIS  is  in  continuation  of  Mr.  A.  H.  Foord's  previously  published 
Report,*  and  the  pagination  and  numbering  of  the  plates  of  the 
two  parts  have  therefore  been  made  consecutive.  The  present 
Beport  (No.  4  of  the  series)  is  entitled  ''On  some  Polyzoa  (Bryozoa) 
and  Ostracoda  from  the  Cambro-Silurian  Rocks  of  Manitoba,"  and 
the  author  states  in  a  brief  introduction  that  his  material  consisted 
of  a  small  collection  of  specimens  made  at  various  times  between 
the  years  1875-84,  both  inclusive,  by  different  members  of  the 
Canadian  Survey,  but  mostly  by  Mr.  T.  C.  Weston. 

The  species  of  Polyzoa  described  include  twenty  from  Stony 
Mountain,*  five  from  St.  Andrew's,'  and  one  from  Big  Island,  Lake 
Winnipeg.  All  the  Stony  Mountain  species  belong  to  the  Hudson 
River  Group,  while  of  the  St.  Andrew's  species  two,  Monticulipora 
Wetherbyif  Ulrich,  and  Pachydictya  acuta,  Hall,  occur  in  the 
Birdseye  and  Black  River  Formation,  and  the  other  three  (enumerated 
below)  in  the  Trenton. 

ITie  following  are  the  names  of  the  Stony  Mountain  species : — 

Proboscina  auloporoides,  Nicholson. 
Proboscina  frondosa,  Nicholson. 
Monticulipora  parasitica,   Ulrich,  var. 


Stictopora  or  Rhinidictya,  sp.  indt. 
Dicranopora  fragilis,  Billings. 
Dicranopora  emacerata,  Nicholson. 
Goniotrypa  biiaieralis,  n.gen.  and  sp. 
Pachydictya  hexagonalis,  n.sp. 
Ptilodictya  Whiieavesi,  n.sp. 
Artkroclema  angiilare,  Ulrich. 
Helopora  Harrisi,  James. 
Sceptropora  facula,  U 1  rich . 
Ncmatoporal,  sp.  undescribed. 


plana,  n.var. 

Homotrypa,  sp.  undescribed. 

Batostoma  Alanitobense,  n.sp. 
^Petigopora  scabiosa^  n.sp. 

Batoitomella  gracilis,  Nicholson  (var.). 
^Byikopora  striata,  n.sp. 

Bythopora  ?  delicatula,  Nicholson. 

Monotryp>ella  quadrata,  Rominger. 

The  St.  Andrew's  species  are : — Monticulipora  Wetherhyi,  Ulrich, 
Tntulipora  ?  laxnta,  n.sp.,  ^Pachydictya  mngnipora,  n.sp.,  Pachy- 
dictya acuta.  Hall,  and  PhyUoporina  Trentonenais,  Nicholson,  sp. 
The  species  from  Big  Island,  Lake  Winnipeg,  is  named  Diplotrypa 
Westoniy  n.sp. 

'  Contributions  to  the  Micro-Palfeontology  of  the  Cambro- Silurian  Rocks  of 
Canada,  pp.  l-'26,  7  plates  and  1  woodcut,  Ottawa,  1883. 

2  A  hill  some  fifty  feet  in  height,  on  the  western  bank  of  the  Red  River,  not  far 
from  Winnipeg. 

'  A  village  and  parish  on  the  west  bank  of  the  Red  River,  about  fifteen  miles 
northeast  of  Winnipeg. 
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All  the  new  jpecies  are  figured,  except  the  three  distiDgaished  by 
an  asterisk ;  these  probably  were  too  thin  or  fragile  to  admit  of  the 
process  of  grinding  into  thin  sections. 

Under  the  description  of  Diplotrypa  Wesioni,  Mr.  Ulrich  proposes 
a  new  family — Diplotrypida — to  include  (proviBionally)  the  two 
genera  Diplotrypa  and  Monotrypa,  the  author  suggesting  that  it  may 
be  found  necessary  to  break  up  each  of  these  into  two.  but  that 
further  study  and  detailed  comparisons  are  required  before  a  final 
arrangement  with  regard  to- them  can  be  effected.  This  he  promises 
to  bring  about  in  a  forthcoming  work  on  Illinois  Polyzoa. 

The  Ostracdda  described  in  this  report  are,  with  one  exception — 
Eurychilina  reticulata — all  from  Stouy  Mountain,  and  consist  of  the 
following  species : — 


Bytkocypris  cylindrical  Hall,  sp. 
Leperdttia  subcylindrica,  n.  sp. 
Aparchites  minutissimus^  Hall,  sp. 
Aparchita  unicornis^  Ulrich,  n.var. 
Primitia  lativia^  n.sp. 
Primitia}  \f  Beyrichia)  paralUla,  n.sp. 


Eurychilina  reticulata,  n.gen.  and  sp., 
(from  the  Trenton  shales  of 
Minnesota.) 

Eurychilina  ManitobensiSf  n.sp. 

Sirepula  quadrilirata^  Hall  and  Whit- 
field, sp.,  var.  simplex^  n.var. 

Strepiila  lunatiferct^  n.sp. 


The  author  expresses  his  great  obligations  to  Prof.  T.  Bupert 
Jones,  F.R.S.,  for  critical  notes  on  these  species. 

The'  report  concludes  with  a  table  prepared  to  show  the  strati- 
graphical  range  of  those  Manitoba  species  of  Polyzoa  and  Ostracoda 
which  have  been  found  also  in  the  United  States,  and  from  this  we 
learn  that  out  of  29  species  from  Stony  Mountain,  20  are  known  to 
occur  in  the  upper  beds  of  the  Hudson  River  or  Cincinnati  Group  at 
localities  in  the  United  States. 

The  Canadian  Survey  is  to  be  congratulated  on  having  secured 
the  services  of  so  careful  and  experienced  a  worker  as  Mr.  Ulrich 
for  the  difficult  groups  forming  the  subject  of  this  report. 

A.  H.  F. 

III. — Descriptions  of  Eight  New  Species  of  Fossils  fboh  the 
Cambbo-Silubian  Rocks  op  Manitoba.  By  J.  F.  Whitkavfs. 
From  Trans.  Royal  Soc.  Canada,  Section  iv.  Nov.  1889,  p.  75. 
Six  Plates.    (Montreal,  Dawson  Brothers.) 

FOSSILS  from  such  a  distant  region  as  Manitoba  are  valuable,  not 
only  as  an  index  to  the  age  and  distribution  of  the  rocks  on  the 
great  continent  of  which  that  province  forms  a  part,  but  also  as 
attesting  the  interest  taken  in  Geology  by  a  people  whose  pursuits 
must  leave  them  but  little  leisure  for  purely  scientific  studies. 
Nevertheless  we  find  from  Mr.  Whiteaves'  paper  that  some  of  the 
most  notable  of  the  fossils  described  by  him  were  collected  by 
members  of  the  **  Manitoba  Historical  and  Scientific  Society,"  and 
by  that  Society  presented  to  the  Museum  of  the  Canadian  Survey 
(Ottawa). 

The  species  described,  though  numbering  only  eight,  represent 
six  genera,  the  first  of  which  is  a  Gasteropod,  and  the  rest  Gephalo- 
pods,  as  follows : 
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Maclur^m  Mtinitobinnt, 
F^ierioeeras  nobiU. 

„  apertum. 

OncoceroM  magnum. 


Oneoeeras  gihhoaum^ 
Cgrtoeerai  Maniiobetisis. 
Ttoehoaraa  McCharUsi, 
Aptidoetiat  in$igne. 


Maelurea  Manitobensis  is  of  very  large  size,  attaining  a  maximum 
diameter  of  eight  inches  and  a  half.  It  is  said  to  be  more  nearly 
related  to  the  Id,  Bigsbyi  of  Hall,  from  the  Trenton  Group  of  Southern 
Wisconsin,  and  to  tlie  M.  cuneata  of  R.  P.  Whitfield,  from  the  Galena 
Limestone  of  the  same  State,  than  to  either  JIf.  magna,  Hall,  or 
If.  Logani,  Salter. 

To  the  genus  Poterioceras  two  species  are  assigned — P.  nobile  and 
P.apertum;  the  first  of  these  is  referred  provisionally  to  this  genus 
"on  account  of  its  supposed  simple  and  entire  aperture,"  "bat/* 
adds  the  author,  "  it  may  prove  to  be  a  true  Oomphoeera8,^\ 

Mr.  Whiteaves  disagrees  with  Prof.  Blake's  view  that  Oneoeeras, 
Hall,  is  synonymous  with  Poterioceras,  M'Coy,  and  observes  that  the 
latter  name  "  will  probably  have  to  be  restricted  to  those  straight, 
Gomphoeer  as 'like  shells  in  which  the  aperture  is  simple  and  entire" ; 
in  Oneoeeras,  on  the  other  hand,  **  the  shell  is  always  distinctly 
curved  and  inflated  in  a  peculiar  manner  in  advance  of  the  mid- 
length,  while  its  body-chamber  is  transversely  constricted  just  be- 
hind the  aperture."  It  is  thus  seen  that  Mr.  Whiteaves*  contention 
in  favour  of  the  distinctness  of  Poterioceras  and  Oneoeeras  rests 
upon  the  assumption  that  the  latter  has  a  curved  and  inflated  shell, 
and  the  former  a  straight,  Gomphoceras-Vike  shell.  The  constriction 
near  the  aperture  can  scarcely  be  reckoned  as  a  distinctive  generic 
character,  because  it  is  met  with  also  in  some  species  of  Orthoceras, 
With  regard  to  the  inflation  of  the  shell,  that  is  a  character  common 
to  both  forms,  as  is  admitted  for  Poterioceras  in  the  expression 
'•  6fofii/>^ocera«-like  "  ;  and  as  to  curvature,  abundant  proof  exists  that 
Poterioceras  has  a  slightly  but  quite  distinctly  curved  shell ;  this 
is  seen  in  numerous  specimens  from  the  typical  locality — Rildare, 
Ireland — whence  M'Coy  obtained  the  material  upon  which  he  con- 
structed his  genus.  There  therefore  appears  to  be  very  little  ground 
for  separating  Poterioceras  from  Oneoeeras, 

On  looking  at  the  figure  of  Poterioceras  nobile,  one  is  indeed  struck 
with  its  Goniphoceras'Wke  aspect,  and  the  doubt  expressed  by  the 
author  as  to  whether  it  is  really  a  Poterioceras  will  probably  be 
shared  in  by  most  palseontologists  who  examine  it  in  the  light  of  the 
more  recent  researches  in  these  fossils. 

The  uncertainty  regarding  the  oral  characters  of  such  forms  as 
these  leaves  room  for  considei'able  diversity  of  opinion  as  to  the 
genus  to  which  they  belong,  but  our  experience  so  far  is  opposed  to 
their  reference  to  the  genus  Oomphoceras,  no  fossil  having  yet  been 
found  below  the  Upper  Silurian  in  which  the  complex,  lobed  aperture, 
characteristic  of  Gomphoeer  as,  is  preserved.  This  important  structure 
being  unfortunately  absent  in  Mr.  Whiteaves' Specimens,  the  latter  do 
not  help  us  to  settle  the  question  of  the  range  in  time  of  Gomphoceras, 

The  species  named  Cyrtoceras  Manitobensis  is  a  very  aberrant 
form  of  this  genus,  if  indeed  it  really  belongs  to  it,  the  presence  of 
longitudinal  to  the  entire  exclusion  of  transverse  ornameulft  b^\Tvv;  ^ 
featare  hitherto  unknown  in  other  species  of  the  genua.        K.^.^> 
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lY. — Hampstbad  Hill:  Its  Struotubb,  Matbrials,  avd  Sculp- 
turing. By  J.  Logan  Lobley.  With  Chapters  on  the 
Natural  History  of  the  District  by  H.  T.  Wharton,  P.  A. 
Walker,  and  J.  B.  Harting.  8yo.  pp.  100.  With  Nine  Plates. 
(London,  1889.) 

AUSEFQL  and  readable  oompanion  to  this  interesting  bit  of 
country  which  is  carefully  described  and  well  illustrated.  After 
describing  the  geological  structure  of  the  Heath  in  detail,  the  author 
reprints  a  series  of  well-sections  from  Mr.  Whitaker's  "  London 
Basin,"  gives  a  list  of  fossils  which  surprises  by  its  fulness,  and 
appends  a  useful  bibliography,  to  which,  however,  may  be  added : 
John  Bliss,  Experiments  and  Observations  on  the  Medicinal  Waters 
of  Hampstead  and  Kilburn.  4to.  London,  1802,  pp.  68, — a 
pamphlet  which  seems  to  have  escaped  bibliographers  in  general. 
There  is  also  a  mistake  in  the  date  of  Goodwin's  account  of  the 
Saline  Waters ;  this  interesting  little  book  was  published  in  1804, 
the  author  apologizing  for  the  delay  in  publication  in  bis  preface. 
Goodwin  also  adds  a  view  of  Pond  Street  in  1803  and  gives  a  careful 
and  accurate  map  of  *'  Hampstead  with  some  of  the  adjacent  villages, 
and  surrounding  rides,  1808.*'  Dr.  H.  T.  Wharton  contributes  a 
list  of  the  Plants,  the  Rev.  F.  A.  Walker,  one  of  the  Insects,  etc., 
and  Mr.  J.  E.  Harting  writes  on  the  Birds,  giving  notes  of  dates  of 
appearance  of  the  rarer  visitors  and  accurate  information  as  to 
their  nesting  places.  Professor  Lobley  has  wisely  reproduced,  by 
permission  of  the  Council  of  the  Geologists*  Association,  the  late 
Mr.  Caleb  Evans'  geological  sketch  map  of  Hampstead.         C.D.S. 

V.  —  Mount  Vesuvius  :  A  Descriptive  Historical  and  Geo- 
logical Account  of  the  Volcano  and  its  Surroundings.  By 
J.  Logan  Lobley.  8vo.  With  Maps  and  Illustrations.  (London, 
1889.) 

THIS  new  and  revised  edition  of  Professor  Lobley's  book  fills  up 
a  gap  in  the  literature  of  Vesuvius.  The  most  recent  memoirs 
on  the  subject  have  been  laid  under  contribution,  and  the  book  is 
both  readable  and  comprehensive. 
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I.— January  22,  1890.— W.  T.  Blanford.  LL.D.,  F.R.S.,  President, 
in  the  Chair. — The  following  communication  was  read: — 

''On  the  Crystalline  Schists  and  their  Belation  to  the  Mesozoio 
Kocks  in  the  Lepontine  Alps."  By  Professor  T.  G.  Bonney,  D.Sc, 
LL.D.,  F.R.S.,  F.G.S. 

In  the  debate  upon  the  paper  "  On  two  Traverses  of  the  Crystal- 
line Bocks  of  the  Alps  "  (read  Dec.  5,  1888)  it  was  stated  that  rocks 
had  been  asserted  on  good  authority  to  exist  in  the  Lepontine  Alps, 
which  contained  Mesozoic  fossils,  together  with  garnets,  staurolites, 
etc.,  and  thus  were  undistinguishable  from  crystalline  schists  re- 


\       **i 
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garded  by  the  author  as  belonging  to  the  presumably  Archsean 
matsifs  of  that  mountain-chain.  In  reply,  the  author  stated  that 
he  regarded  this  as  a  challenge  to  demonstrate  the  soundness  or  un- 
BoundueBs  of  the  hypothesis  to  which  he  had  committed  himself. 
The  present  paper  gives  the  result  of  his  investigations,  undertaken 
in  the  month  of  July,  1889,  in  company  with  Mr.  James  Eccles, 
F.G.S.,  to  whom  the  author  is  deeply  indebted  for  invaluable  help, 
llie  paper  deals  with  the  following  subjects : — 

(1)  The  Andermait  Section. 

By  the  geologists  aforesaid,  a  highly  crystalline  white  marble  which 
occurs  on  the  northern  side  of  the  Urserenthal  trough,  at  and  above 
Altkirch,  near  Andermatt,  is  referred  to  the  Jurassic  series  (mem- 
bers of  which  undoubtedly  occur  at  no  great  distance,  almost  on  the 
8ame  line  of  strike).  The  author  describes  the  relation  of  the 
marble  to  an  adjacent  black  schistose  slate,  and  discusses  the  signifi- 
cance of  some  markings  in  the  former  which  might  readily  be  con- 
sidered as  organic,  but  to  which  he  assigns  a  different  origin.  He 
shows  that  there  are  most  serious  difficulties  in  regarding  these  two 
rocks  as  members  of  the  same  series,  and  explains  the  apparent 
sequence  as  the  result  of  a  sharp  and  probably  broken  infold,  as  in 
the  case  of  the  admitted  band  of  Carboniferous  rock  at  Andermatt 
itself.  That  the  section  is  a  difficult  one  on  any  hypothesis  the 
author  admits ;  but  after  a  discussion  of  the  evidence,  he  concludes 
that  "  that  tendered  on  the  spot  demands  a  verdict  of  *  not  proven  * — 
that  obtainable  in  other  parts  of  the  Alps,  will  compel  us  to  add, 
*  not  provable.'  " 

(2)   The  Schists  of  the  Val  Piora. 

These  schists,  already  noticed  by  the  author  in  his  Presidential 
Address  to  the  Society  in  1886,  occur  in  force  near  the  Lago  di 
Ritom,  and  consist  of  two  groups  : — the  one,  dark  mica-schists,  some- 
times containing  conspicuous  black  garnets,  banded  with  quartzites, 
the  other  various  calc-mica  schists;  between  them,  apparently  not 
very  persistent,  occurs  a  schist  containing  rather  large  staurolites  or 
kyanites.  On  the  north  side  is  a  prolongation  of  the  garnet-actino- 
lite  (Tremola-)  schists  of  the  St.  Gothard,  and  then  gneiss ;  on  the 
south  side  gneiss.  There  is  also  some  ranch wacke.  This  rook,  at 
first  sight,  appears  to  underlie  the  Piora-schists,  and  thus  to  be  the 
lowest  member  of  a  trough.  If  so,  as  it  is  admittedly  about  Triassic 
in  age,  the  Piora-schists  would  be  Mesozoic.  The  author  shows 
that  (1)  the  latter  rocks  do  not  form  a  simple  fold;  (2)  they  are 
beyond  all  question  altered  sediments ;  (3)  they  have  often  been 
greatly  crushed  subsequent  to  mineralization  ;  (4)  the  garnets, 
staurolites,  etc.  (if  not  injured  by  subsequent  crushing),  are  well 
developed  and  characteristic,  and  are  authigenous  minerals. 

(3)   The  BauchwacJce  and  its  Relation  to  the  Schist, 

(a)  The  Val-Fiora  Sections, — The  author  shows  that  the  rauch- 
wacke,  which  at  first  sight  seems  to  underlie  the  dark  mica-schist, 
is  inconstant  in  position   (on  the  assumption  of  a  stratigrapblQal 
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seqaenoe) ;  that  its  orystalliDe  condition  does  not  resemble  that  of 
the  schist-series,  but  is  rather  such  as  is  oommon  in  a  rock  of  its 
age ;  that  it  contains  mica  and  other  minerals  of  derivative  origin, 
and  in  places  rock-fragments  which  precisely  resemble  members  of 
the  Piora  schist  series. 

(6)  The  Vat-Canaria  Section. — This  section,  described  by  Dr. 
Orubenmann,  is  discussed  at  length.  It  is  shown  that  the  idea  of  a 
simple  trough  is  not  tenable,  for  identical  schists  occur  above  and 
below  the  raucbwacke  ;  that  there  is  evidence  of  great  pressure, 
which,  however,  acted  subsequently  to  the  mineralization  of  the 
schists  ;  and  that  in  one  place  the  ranch  wack6  is  full  of  fragments 
of  the  very  schists  which  are  supposed  to  overlie  it. 

(c)  Nufenen  Pass,  etc, — Other  cases,  further  to  the  west,  are 
described,  where  confirmatory  evidence  is  obtained  as  to  great 
difference  in  age  between  the  raucbwacke  and  the  schists,  and  the 
antiquity  of  the  latter.  The  apparent  interstratification  is  explained 
by  thrust- faulting. 

(4)  .The  Jurassic  BockSf  containing  Fossils  and  Minerals, 

The  author  describes  the  sections  on  the  Alp  Yitgira,  Soopi,  and 
the  Nufenen  Pass.  Here  indubitable  Belemnites  and  fragments  of 
Crinoids  occur  in  a  dark,  schistose,  somewhat  micaceous  rock,  which 
is  often  very  full  of  "  knots "  and  "  prisms  "  of  rather  ill-defined 
external  form,  something  like  rounded  garnets  and  ill-developed 
staurolites.  These  rocks  at  the  Alp  Yitgira  appear  to  overlie,  and 
in  the  field  can  be  distinguished  from  the  black-garnet  schists.  In 
one  place  the  rock  resembles  a  compressed  breccia,  and  among  the 
constituent  fragments  is  a  rock  very  like  a  crushed  variety  of  the 
black-garnet  mica-schist.  These  Jurassic  '*  schists "  are  totally 
different  from  the  last-named  schists,  to  which  they  often  present 
considerable  superficial  resemblance;  for  instance,  their  matrix  is 
highly  calcareous,  the  other  rock  mainly  consisting  of  silicates. 
Some  of  the  associated  mica  may  be  authigenous,  but  the  author 
believes  much  of  it  and  other  small  constituents  to  be  derivative. 
There  is,  however,  a  mineral  resembling  a  mica,  exhibiting  twinning 
with  (?)  simultaneous  extinction,  which  is  authigenous.  The  knots 
are  merely  matrix  clotted  together  by  some  undefinable  silicate,  and 
under  the  microscope  have  no  resemblance  to  the  "  black  garnets." 
The  prisms  are  much  the  same,  but  slightly,  better  defined  ;  they 
present  no  resemblance  to  the  staurolites,  but  may  be  couseranite, 
or  a  mineral  allied  to  dipyre.  Hence,  though  there  is  rather  more 
alteration  in  these  rocks  than  is  usual  with  members  of  the  Mesozoic 
series,  and  an  interesting  group  of  minerals  is  produced,  these  so- 
called  schists  differ  about  as  widely  as  possible  from  the  crystalline 
schists  of  the  Alps,  and  do  not  affect  the  arguments  in  favour  of  the 
antiquity  of  the  latter.  In  short,  they  may  be  compared  to  rather 
poor  forgeries  of  genuine  antiques.  Incidentally  the  author*s 
observations  indicate  (as  he  has  already  noticed)  that  a  cleavage 
foliation  had  been  produced  in  some  of  the  Alpine  schists  anterior 
to  Triassic  times. 
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D18OU8S10N. 

Dr.  Geikie  having  sent  an  abstract  of  the  paper  by  Profesnor 
Bonney,  read  to  the  British  Assooiation  at  Newcastle,  to  Prof.  Heim, 
the  latter  had  favoured  him  with  a  r68um^  of  his  views  on  the 
subject,  of  which  the  following  is  a  translation  : — 

**It  appears  to  me  that  Profeasor  Bonney  Btarts  from  a  misundentanding.  It 
has  often  been  maintained  that  Meeozoic  rocks  can  become  crystalline;  bat  no 
Swiss  geologist  has,  so  far  as  I  know,  ever  asserted  that  the  crystalline  schists  of 
the  Centrnt  mastifoi  the  Alps  are  metamorphic  Mesozoic  rocks.  In  the  printed 
abstract  of  his  British  Association  paper,  however,  which  you  have  sent  to  me. 
Professor  Bonney  attacks  this  supposed  assertion— one  that  has  never  been  made. 

*'  I  am  in  perfect  accordance  with  those  who  know  the  Central  maeeif  best 
(Baltzer,  Fellenberg,  etc.)  in  fixing  the  following  points: — 

*'  I.  Crvstalline  schistose  rocks  of  Mesozoic  afe  exist  at  Scopi,  in  the  Yalserthal 
(Graubiinaen),  in  the  Userenthal,  on  Piora,  at  the  Nnfenerpass,  in  the  Val  Canaria, 
in  the  Ganterthal  and  numerous  other  places.     Such  rocks  are  : — 

"  (a)  Clay -slates,  with  mica,  garnets,  zoisite,  staurolite,  rutile,  and  Belemnities, 
the  latter  being  crystalline  and  granular. 

*'  {h)  Clay-slates,  with  mica,  staurolite,  etc.,  and  garnet,  alternating  with  the 
Belemuite-schists. 

'*  {e)  Green  plagioclase-amphibole  schists,  alternating  with  the  Belemnite-schisti. 

**  [d)  Micaceous  phyllites  and  calcareous  mica-schists. 

**  («)  Marble  witn  mica,  wiiich  has  undergone  linear  stretching,  going  over  into 
'  Malm-kalk  *  with  crinoids. 

•*  We  have  never  given  the  name  *  crystalline-schists*  to  these  rocks,  nor  have  we 
eyer  regarded  them  as  such,  but  always  as  sedimentary  metamorphosed  zones 
(synclinal  basins)  between  the  central  massifs.  Professor  Bonney  is  right  in  saying 
that  they  have  not  the  ospect  of  true  crystalline  schists.  It  is  true  there  are  some 
Varieties  which  it  would  be  difficult  to  distinguish  in  the  hand -specimen,  and  without 
stratigraphical  evidence,  from  true  crystalline  schists.  Strutigraphically,  they  always 
present  themselves  as  *  Mulden-zones'  accompanied  by  other  sedimentary  rocks. 

"  In  the  ('entral  maseifH  occur  rocks  which  exactly  resemble  true  crystalline  schists 
in  mode  of  occurrence.  Petrographically,  they  are  related  to  them  by  passage -rocks  ; 
St  least,  the  liue  of  separation  is  not  easily  distinguished.  Such  rocks  are  phyl/itee, 
eh/orite'Mchietgj  fefeite'SchielSy  mtea-tchista^  and  especially  aericite-ffueisaea,  all  of 
which  we  regard*  with  certainty  as  palaeozoic.     The  proofs  are  the  following  : — 

'*  (a)  In  some  places  in  these  zones  are  found  intercalated  beds  of  graphitic 
and  sometimes  even  anthracitic  schists  (Brisenstock,  etc.). 

'*  {b)  Traces  of  fossils  have  been  often  found  (trunks  of  Catamites  from  Guttanen 
in  the  Haslithal,  Carboniferous  plants  in  strips  wedged  in  on  the  Todi,  etc). 

**  {c)  At  the  end  of  the  Central -massif  distinct  zones  of  Carboniferous  slates 
are  often  developed  out  of  the  zones  of  these  sericitic  gneisses  ;  and  the 
synclinal  (*Mulaen')  nature  of  these  zones,  in  comparison  with  the  old 
granitic  gneisses,  is  shown  there  by  the  wedging  in  of  still  younger 
unaltered  sedimentary  rocks. 

*'  (rf)  I  have  already  shown  in  my  Todi-Windgallen  group  that  even  the 
Verrocano  (Permian),  when  nipped  in  between  crystalline  schists,  assumes 
a  close  resemblance  to  them,  and  appears  as  a  part  of  the  crystalline 
Central- massif. 

"  Fragments  of  these  rocks  are  found  in  the  Triassic  rauchwack^.  but  this  is  not 
the  case  with  the  gametiferous  schists  of  Scopi  which  are  youni;er  than  the  Rauch- 
wacke,  and  belong  to  the  true  sedimentary  synclinal  zones  ('  Mulden'J. 

•*  A  great  unconformity  exists  in  the  Central  Alps  between  Palaeozoic  and  Mesozoic 
formations,  but  not  between  Paleozoic  and  Azoic. 

*•  I.  The  F'tiaozo'C  formations  mostly  show  an  intimate  tectonic  relation  to  the 
crystalline  schists,  and  have  been  converted  petrographically  into  crystalline  schists. 
The  central 'tnaaaifa  consist,  perhaps  to  the  extent  of  two-thirds,  of  true  old  crystal- 
hne  schists,  older  than  the  Cambrian,  in  part,  perhaps,  the  primitive  crust  ( Krstar- 
rungskniste,  granite- gneisses,  protogine) ;  and  to  the  extent  of  about  one-third 
of  Palieozoic  mica-schists,  sericite-schists,  amphibulites  and  other  similar  rocks  which 
have  been  derived  by  dynamic  metamorphism  from  Palaiozoic  alalea,  san^loiLei^  «xA 
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conglomerates  ;  and  Baltzer  distinguishes  between  the  old  nnclens  and  the  yi 
shell  (slates)  of  the  Ctntral-miiBntf.    They  are  kneaded  and  pressed  into  one  ai 

*'  II.  The  genuine  Mesozoic  deposits  follow,  sometimes  conformablyf  son 
unconformably.  In  places  they  have  become  crystalline  and  schistose  («r 
kry»t4tUiui»ch) ;  but  they  never  occur  as  a  constituent  of  the  Central'mu—if^  but 
accompany  the  Mesozoic  deposits,  »r  are  intercalated  as  *  Mulden*  in,  and  esp 
between,  the  Centrnl-inaaatft.  They  are  never  termed  *  Crystalline -schists 
geolop^cal  sense  of  the  wonl,  at  the  most  only  in  its  petrographical  sense. 

*'  The  latest  literature  on  these  things  is,  above  all : — 

**  Baltzer,    "  The  Aar-massif  and  a  part  of  St.  Gotbard-massif.'    '  Beitra 
geol.  Karte  der  Schweiz.    24th  Lieferung,  1888. 

«•  Grnhtf,mann  [Prof.  Vr.).     *  The  Sedimentary  "  Mulde"  of  Piowu' 

"  Bultzer  furnishes  in  the  volume  above  cited  some  ezcellent  work  on  the 
rocks  indicated  under  I.,  and  gives  a  drawing  of  the  Calamite-like  trunl 
Guttanen.  Grubenmann  dues  the  microscopic  work  in  connection  with  the  M 
formations  belonging  to  II.,  which  have  never  been  referred,  by  us,  to  the  cryi 
schists,  or  to  the  CentraUmauif, 

"  Result. 

*<  Much  of  what  have  been  regarded  as  genuine  crystalline  schists  in  th 
is  Palicozoic. 

*'  The  crystilline  metamorphosed  Mesozoic  rocks  always  occur  as  sedin 
deposits,  and  have  never  been  termed  "crystalline  schists'"  in  the  stratign 


sense.*' 


II.— Feb.  6,  1890.— W.  T.  Blanford.  LL.D..  F.R.S.,  Preside 
the  Chair. — I'he  following  communicatioDs  were  read : — 

1.  "The  Variolitic  Rocks  of  MoDt-Genevre."  By  Granville 
Cole,  Esq.,  F.G.S.,  and  J.  W.  Gregory,  Esq.,  F.G.S.,  F.Z.S. 

The  following  conclusions  were  arrived  at  by  the  authors  i 
result  of  their  observations : — 

The  gabbro  or  eu{)hotide  south  of  Mont-Gen^vre  is  associated 
serpentines,  which  were  originally  peridotites,  and  were  not  dc 
from  the  alteration  of  the  gabbro.     These  coarsely  crystalline 
probably   form  a  considerable  subterranean  mass,    but  Lave 
im])ortance  at  the  surface. 

They  were  broken  through  by  dykes  of  dolerite  and  augite- 
site,  and  are  now  overlain  by  a  great  series  of  compact  diabase 
f ragmen tal  rocks,  which  has  no  direct  connexion  with  the  gabl 

I'he  variolite  of  the  Durance  occurs  in  situ  as  a  selvage  c 
surfaces  of  contact  of  these  diabases  among  themselves,  as  blo4 
certain  fragmental  rocks,  which  are  regarded  by  the  authors  as 
and  occasionally  as  a  selvage  to  the  diabase  dykes. 

This  product  of  rapid  cooling  was  originally  a  sphenilitio  t 
lyte,  and  has  become  de vitrified  by  slow  secondary  action.  Vai 
thus  stands  in  the  same  relation  to  the  basic  lavas  as  pyron 
does  to  those  of  acid  character. 

The  eruptive  rocks  in  the  Mont-Gen^vre  area  are  probably 
Carboniferous,  but  their  exact  age  cannot  at  present  be  determii 

There  are  several  other  areas  of  similar  variolitic  rocks  a 
both  the  Alps  and  the  Apennines  of  Piedmont  and  Liguria. 

The  best  modern  representatives  of  the  conditions  that  prf> 
these  rocks  are  to  be  found  in  the  great  volcanoes  of  Hawai 
there  is  nothing  either  in  their  fundamental  characters  or  in 
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mode  of  origin  that  cannot  be  paralleled  among  the  products  of  causes 
now  in  action. 

The  authors  expressed  their  indebtedness  to  Professors  Bonney 
and  Judd,  as  well  as  to  those  who  have  preceded  them  upon  the 
classic  ground  of  Mont-Gen&vre. 

2.  **  The  Propylites  of  the  Western  Isles  of  Scotland,  and  their 
Belations  to  the  Andenites  and  Diorites  of  the  District."  By  Pro- 
fessor John  W.  Judd,  P.R.S.,  P.G.S.,  etc. 

The  "  Propylites  "  of  von  Hichthofen  and  Zirkel  constitute  what 
has  been  aptly  characterized  by  Rosenbusch  as  a  "pathological 
Tariety  "  of  the  andesites.  The  relations  of  rocks  of  this  type  to 
the  andesites  and  diorites  in  Eastern  Europe  and  in  the  Western 
Territories  of  the  United  States  have  been  made  known  to  us  by  the 
researches  of  iJolter,  Szabo,  Becker,  Hague  and  Iddings,  and  other 
petrographers. 

The  **  f els  tones  "  described  by  the  author  of  the  present  memoir 
as  constituting  the  oldest  series  of  the  Tertiary  volcanic  rocks  in 
the  Western  Isles  of  Scotland  are  now  shown  to  belong  to  this  in- 
teresting type.  When  found  in  an  unaltered  state,  these  rocks  present 
remarkable  analogies  with  the  andesites  of  Iceland  and  the  Faroe 
Itflauds,  which  have  been  so  well  described  by  Zirkel,  Schirlitz, 
Osann,  and  Breon.  In  the  altered  condition  in  which  they  usually 
oocor,  however,  the  Scottish  rocks  resemble  in  a  not  less  strikiug 
manner  the  *'  propylites  "  of  Eastern  Europe  and  Western  North- 
America. 

The  rocks  in  question  vary  in  colour  from  white  to  dark  grey, 
various  shades  of  green  usually  prevailing  among  them.  They  have 
a  specific  gravity  ranging  from  2*4  to  2*9  ;  the  density  diminishing 
as  the  silica  percentage  and  the  amount  of  glassy  material  in  them 
increase ;  a  lowering  of  the  density  of  the  rocks  being  also  the  result 
of  extreme  alteration.  In  their  chemical  composition  these  rocks 
were  shown  to  agree  with  the  pyroxene-  and  amphibole-andesites  of 
other  areas,  and  with  propylitic  forms  of  those  rocks. 

Very  striking  and  remarkable  is  the  amount  of  change  that  many 
of  these  Tertiary  rocks  have  undergone — change  that  has  equally 
affected  their  porphyritic  constituents  and  the  ground-mass  in  which 
these  are  imbedded.  The  felspars  are  never  fresh,  but  are  more 
or  less  kaolinized,  and  not  unfrequently  converted  into  epidotes 
and  other  secondary  minerals;  the  ferro-magnesian  silicates  are 
almost  always  changed  into  isotropic  "  viridite,"  or  into  various 
chlorites;  while  the  titano-ferrite  and  magnetite  have  been  con- 
verted either  into  "leucoxene"  or  into  sulphides.  The  glass  and 
microlites  of  the  original  ground-mass  have  in  nearly  all  cases  dis- 
appeared as  the  result  of  secondary  devitrification. 

llie  propylites  are  the  oldest  of  the  Tertiary  lavas  in  the  Western 
Isles  of  Scotland.  They  exhibit  every  gradation  in  minute  struc- 
ture, from  holocrystalline  forms  (diorites)  through  various  **  grano- 
phyric  "  and  " pi lotaxi tic  "  types  into  true  vitreous  rocks  ("pitch- 
stones").  They  are  found  constituting  lava-streams,  which  are 
Qsually  short  and  bulky ;  eruptive  bosses  or  **  Quellkup^^en."  •,  Mi'^ 
lenticular  intmsionfi  or  " laocolitea," 
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By  carefully  following  in  the  field  the  mnch- altered  rocks  to  points 
where  they  retain  some  of  their  original  characters,  the  propylites 
can  be  shown  to  represent  various  interesting  types  of  audesite  and 
diorite.  The  amphibolic  and  micaceous  rocks  include  homblende- 
andesites,  hornblende-  and  mica-andesites  containing  enstatite, 
diorites,  and  quartz-diorites.  Among  the  pyrozenic  rocks  the  most 
noticeable  varieties  are  the  labradorite-andesites,  the  pyroxene- 
andesites — of  which  both  •*  trachytoid  "  and  "  vi trophy rio  "  forms 
occur — as  well  as  examples  of  what  have  been  called  "diallage- 
andesites"  (the  nature  of  the  pyroxene  in  which  was  fully  dis- 
cussed) :  these  rocks  are  found  passing  into  augite-diorites,  and 
quartz  -augite-diorites. 

A  microscopic  study  of  these  rocks  enables  us  to  investigate  the 
processes  by  which  they  have  acquired  their  peculiar  characters,  llie 
chief  and  most  widely  operating  cause  of  change  is  thus  demonstrated 
to  have  been  aol/btaric  action;  and  this  was  shown  to  have  accom- 
panied the  intrusion  into  the  andesites  of  masses  of  igneous  material 
of  highly  acid  composition  (granites  and  felsites).  This  solfatario 
action  has  been  developed  around  each  of  the  five  volcanic  centres, 
described  in  1874.  A  smaller  and  much  more  local  cause  of  change 
— some  of  the  results  of  which  are  strikingly  contrasted  with  those 
of  the  wide-spread  solfatario  action — is  found  in  the  coniact-meta- 
morphiBm  resulting  from  the  intrusion  into  the  andesites  of  masses 
of  igneous  rocks  of  basic,  intermediate,  or  acid  composition. 

The  much-altered  propylites  of  Tertiary  age  were  shown  to  have 
their  exact  analogues  among  the  older  (PalsBOzoic)  lavas  of  Scotland 
and  other  districts,  lliese  rocks,  which  have  been  called  **  fel- 
stones,''  "  porphyrites,"  etc.,  are  andesitic  lavas,  some  of  which  have 
suffered  only  from  the  action  of  surface-waters,  while  others  among 
them  must  have  been  profoundly  affected  by  solfatario  action  and 
convi  rted  into  propylites,  prior  to  the  operation  of  the  surface- 
agencies  of  change. 

Forming  a  very  striking  contrast  with  the  older  Tertiary  andesites 
(propylites),  are  the  numerous  scattered  and  generally  small  masses 
of  rock  which  belong  to  a  late  period  in  the  Tertiary,  and  constitute 
the  youngest  volcanic  rocks  of  the  British  Islands.  These  rocks  are 
found  intersecting,  in  the  form  of  dykes,  the  great  sheets  of  olivine- 
basalt ;  or  where  poured  out  at  the  surface  (as  at  the  Sgiirr  of  Eigg 
and  Beinn  Hiant  in  Ardnamurchan),  lie  upon  their  greatly  eroded 
surfaces.  The  rocks  in  question,  which  have  the  mineralogical 
constitutijon  of  augiteandesites,  are  remarkable  for  the  wide 
variations  in  their  aspect  and  chemical  composition ;  and  this  was 
shown  to  result  from  differences  in  the  proportion  of  the  crystalUns 
and  glossy  constituents  to  one  another,  Holocrystalline  aggregates, 
of  basic  composition,  are  found  passing,  as  the  quantity  of  acid  glass 
increases,  into  various  "ophitio,"  **  intersertal,"  and  "  pilotaxitio " 
types,  finally  assuming  the  **  vitrophyric"  form  of  '*  pitchstone- 
porphyries  " — rocks  which  have  a  distinctly  acid  composition.  The 
rocks  of  the  Tertiary  dykes  in  Southern  Scotland  and  the  North  of 
England,  which  have  been  described  by  Dr.  A.  Geikie,  Mr.  Teall, 
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and  other  authors,  were  shown  to  agree  with  these  later  Tertiary 
aadesites,  both  in  their  mineralogical  constitution  and  in  the  peculiar 
phases  which  they  present  to  us.  The  latest  Tertiary  ejections  were 
shown  in  1874  to  bear  the  same  relations  to  the  five  grand  volcanoes 
of  the  Western  Isles  which  the  chains  of  *^  puys  "  in  Auvergne  do  to 
the  great  central  volcanoes  of  that  district ;  and  this  conclusion  is 
Htri kingly  confirmed  by  petrographical  studies  of  which  the  results 
were  given  in  the  present  memoir. 


AGE  OF  TDE  VOLCANIC  SERIES  IN  SHROPSHIRE. 

Sir, — In  reference  to  the  debate  on  a  paper ''On  the  Pebidian 
Yoredale  Series  of  St.  Davids,"  read  by  Prof.  C.  Lloyd  Morgan 
before  the  Geological  Society  on  the  8th  inst,  Prof.  Blake  is  reported 
to  have  said  that  recent  work  in  Shropshire  "  had  shown  that  there 
was  a  volcanic  series  more  satisfactorily  classed  with  the  Cambrian 
than  with  the  underlying  series.'*  Though  I  have  some  familiarity 
with  the  older  rocks  of  Shropshire,  I  am  unable  to  call  to  memory 
any  volcanic  series  that  can  by  any  reasonable  stretch  of  imagination 
be  referred  to  the  Cambrian.  If  Prof.  Blake  refers  to  the  Uriconian 
Bjstem,  surely  the  most  recent  work  tends  to  throw  it  further  back 
from  the  Cambrian.  But  perhaps  he  will  favour  your  readers  with 
a  few  words  of  explanation.  Ch.  Callaway. 

Saxdobb,  Wellington, 
Jan,  16rA,  1890. 


GROUND  MORAINES. 

Sib, — I  have  just  read  in  Professor  James  Geikie's  Address  to 
Section  C,  British  Association,  "  Swiss  geologists  are  agreed  that 
the  ground-moraines  which  clothe  the  bottoms  of  the  great  Alpine 
^alleys,  and  extend  outwards  sometimes  for  many  miles  upon  the 
low  ground  beyond,  are  of  true  glacial  origin.  Now  these  ground- 
moraines-  are  closely  similar  to  the  Boulder-clays  of  this  country 
[Britain]  and  Northern  Europe." 

We  have  in  New  Zealand,  also,  extensive  deposits  of  ancient 
glaciers  ;  but  I  have  never  seen  in  New  Zealand  anything  correspond- 
ing to  the  Boulder-clays  and  stratified  tills  of  Britain ;  and  if  this 
is  correct,  it  would  follow  that  Boulder-clays  cannot  be  the  ground- 
moraines  of  glaciers. 

The  subject  is  an  important  one,  and  I  would  suggest  that  the 
British  Association  should  send  some  one  to  New  Zealand  who  is  an 
expert  in  Boulder-clays,  to  settle  the  question.  Two  months  in 
Otago,  Canterbury,  and  Westland,  between  November  and  April, 
and  three  months  for  the  two  voyages,  would  be  sufficient  time,  and 
the  cost  would  not  be  more  than  £200  or  £250. 

I  do  not  know  any  more  promising  geologiciil  work  at  the  present 
day  than  a  comparison  of  the  glacial  deposits  of  New  Zealand  with 
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those  of  the  Dorthem  hemisphere ;  but  to  be  effectual,  the  comparison 
must  be  luade  by  one  who  is  well  acquainted  with  the  northern 

deposits.  Y.  W.  HUTTON. 

Chhistchu&ch,  N.  Z.,  llth  Nov.  1889. 


CORAL-LIKE  STRUCTURES  FROM  THE  CULDAFF  LIMESTONE,  CO. 

DONEGAL. 

Sib, — I  feel  sure  it  will  interest  many  of  your  readers  to  lean 
that  the  peculiar  Coral-like  structures  from  the  Culdaff  Limestone 
have  recently  been  identified  by  Prof.  James  Hall,  of  Albany,  and 
Mr.  Charles  Walcott,  of  the  U.  S.  Geological  Survey,  as  belonging  to 
two  genera  of  Palseozoic  Corals,  namely,  Colnmnaria  and  Tetradium ; 
forms  which  are  often  found  together  in  the  Hudson  Group  of 
America,  lliese  determinations  have  been  arrived  at,  first,  from 
photographs  of  specimens  from  the  Survey  Collection,  but  after- 
wards from  five  specimens  selected  and  forwarded  for  examination. 
The  determinations  were  independently  made,  and  serve  to  oonfirm 
each  other;  and  Prof.  Hall  gives  a  detailed  diagnooa  of  each 
specimen. 

I  may  add  that  similar  determinations  have  been  arrived  at  by 

Professors  Dana  and  Ferd.  Boemer  from  an  inspection  of  photo- 

graphs  only.     Desciiptions  of  some  of  these  forms  will  appear  in 

the  Geological  Survey  Memoir  on  Inishowen,  North  Donegal,  now 

passing  through  the  press.     The  identification  of  these  forms  by  such 

experienced  palaeontologists  as  those  above  named  must  be  regarded 

as  of  the  highest  importance  in  throwing  light  on  the  qneation  of 

the  ago  of  the  Donegal  crystalline  rocks ;  a  question  to  wliioh  I 

hope  to  return  at  a  future  time.  Edwabd  HuUh 

Geological  Suktbt  of  Ireland, 
14,  Hume  Stveet,  Ifubiin. 


NOTE  ON  PffLTCT^XIUS,  A  NEW  GENUS  OF  COGCOSTEIDiE. 

Sir, — As  my  friend  Dr.  Hinde  has  just  called  my  attention  to 
the  fact  that  the  name  Phbjct<eniu$  has  already,  under  the  form 
Fhhjctaniumf  been  given  by  Prof.  Zittel  to  a  genus  of  fossil  Sponges, 
I  propose  to  substitute  for  it  the  term  FhlycUenaspis^  oonoemiDg 
which  I  can  find  no  evidence  of  preoccupation. 

H.  H,  TaAQUAiR. 


RADIOLARIAN    CHERT    IN    THE    BALLANTRAE    SERIES    (-LLAN- 
DEILO-CAKAJJOC)   OF  THE  SOUTH  OF  SCOTLAND. 

Sir. — Sections  of  this  rock,  just  received  from  Mr.  B.  N.  Peach, 
of  the  Geological  Survey  of  Scotland,  unmistakably  show  that  it  is 
mainly  composed  of  Kadiolarians.  These  bodies  were  first  recognized 
in  the  chert  by  my  friend  Prof.  II.  A.  Nicholson,  but  their  real 
nature  is  only  now  conclusively  shown  in  the  sections  sent  me. 

21  Fthruary,  1890.  G.  J.  HlHDl. 


i 
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L— Notes  on  the  Palbontologt  of  Western  Australia. 

By  A.  H.  FooRD,  F.O.S. 

[PLATES    VI.  AND   VII.] 

{Continued  from  the  March  If  umber,  p.  106  ) 

Spirifsra  lata,  M'Coy.    PL  VI. 

1847.  Spirifera  lata,  M'Coy,  Ann.  Maz.  Nat  Hist  toL  xx.  pp.  233,  pi.  xiii.  fi^.  7. 

1877.  Spiri/rr  latuM,  de  Koninck,  Kecnerches  sur  les  Foseilen  Poleuzoiques  de  la 

NouTelles-Galles  du  Sud  (Anstralie),  p.  244. 

1878.  Spirifera  lata,  R.  Etheridge,  jun.,  Cat.  Australian  Fossils,  p.  6(j. 

"Transversely  rhomboidal,  moderately  gibbose,  width  four  times 
the  length ;  sides  flattened,  regularly  attenuating  to  the  very  acute 
cardinal  angles  ;  cardinal  area  broad,  flat ;  mesial  fold  wide,  defined, 
angalar,  smooth ;  about  sixteen  to  eighteen  slightly  convex,  simple, 
smooth  ribs  on  each  side  of  the  mesial  fold,  becoming  indistinct  as 
they  approach  the  cardinal  angles,  so  as  to  leave  nearly  a  third  of 
the  length  of  the  sides  smooth." 

"  This  di£fers  from  the  widest  varieties  of  the  S,  disjuncta.  Sow., 
by  its  defined  and  smooth  mesial  hollow,  the  extent  of  the  smooth 
8j)ac6  at  the  end  of  the  sides,  and  the  smaller  number  and  greater 
width  of  the  radiating  ridges,  which  are  also  much  less  prominent ; 
the  smoothness  of  the  mesial  fold  and  width  of  the  cardinal  area 
separate  it  from  the  8.  convoluta,  Phil. ;  and  from  the  S,  Roemerianus, 
de  Eon.,  it  is  known  by  its  size,  greater  width,  smooth  cardinal 
extremities  and  flatter  and  wider  lateral  ridges.  Length  [of  the 
type-specimen]  1  inch  1  line,  width  4  inches." 

llie  specimens  representing  this  species  in  the  present  Collection 
are  crowded  together  in  a  slab  of  coarse,  yellowish  sandstone.  They 
are  all  more  or  less  covered  by  the  matrix,  but  the  characters  of  the 
species  may  easily  be  made  out  in  the  aggregate,  and  these  are  found 
to  agree  perfectly  well  with  M'Coy's  species. 

This  fine  group  of  specimens  was  collected  by  the  Hon.  John 
Forrest^  C.M.G.,  F.G.S.,  Surveyor-General  and  Commissioner  of 
down  Lands  for  Western  Australia. 

Judging  from  the  figure,  which  is  that  of  a  very  imperfect 
necimen  of  a  ventral  valve,  I  should  say  that  Mr.  Etheridgo's 
^pmi/era  convoluta  ?  (Phil.)  really  belongs  to  the  present  species.^ 

'  See  Qoart.  Jonm.  Geol.    Soc.  toI.   xxviii.   1872,   appendix  to  R.  Daintree*8 
Geology  ot  Queenland,  by  fi.  Etheridge,  F.K.S.,  p.  335,  pi.  xvii.  fig.  3. 
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LoeaUtff. — Lyons  Biver,  a  tribatarj  of  the  Grascoyne  BiTer; 
Western  Aostralia,'  in  a  ferroginoos  and  slightly  mioaoeoos  sandstoDO. 

SpiRirK&A  Habbmani,  8p.nov.    Plate  YII.  Figs.  1,  la. 

This  species  is  of  large  size,  and  probably  a  little  wider  than  high. 
The  width  of  the  hinge-area  is  a  little  less  than  that  of  the  sbell, 
the  cardinal  angles  projecting  slightly  beyond  the  former.  The 
cardinal  angles  are  narrowly  rounded.  The  hinge-area,  as  may  be 
seen  in  Fig.  la,  is  not  large.  The  ventral  valve  is  divided  into  two 
slightly  rounded  areas  by  a  broad,  rather  shallow  median  siDOS. 
Three  or  four  ill-defined  folds  occur  on  the  flanks  of  the  shell  on 
each  side  of  the  sinus.  The  shell  is  ornamented  with  nnmerooB, 
rather  strong,  radiating  ribs  or  plications,  some  of  which  bifurcate 
about  midway  between  the  umbo  and  the  inferior  border ;  these  are 
intersected  at  intervals  by  lines  of  growth,  and  near  the  margin  the 
shell  developes  numerous  concentric,  scale-like,  imbricating  lamins. 

In  the  interior  of  the  ventral  valve  (Fig.  la)  a  strong  tooth  is 
situated  on  each  side  at  the  base  of  the  fissure,  but  the  shelly  plates 
supporting  these  are  almost  entirely  destroyed,  a  portion  of  one 
only  (right-hand  side  of  figure)  being  preserved.  The  remains  of 
a  short  septum  are  seen  just  beneath  the  beak.  The  impression  of 
the  cardinal  muscles  is  obliterated  in  the  figured  specimen,  but  it  is 
well  seen  in  another  fragment,  less  perfect  in  other  respects.  The 
surface  outside  the  muscular  area  is  covered  with  ramifying  vascular 
impressions. 

It  is  a  singular  fact  that  no  remains  of  the  dorsal  valve  of  this 
species  have  been  found,  though  the  fragments  of  the  ventrals  are 
very  numerous. 

In  one  of  the  plates  of  a  forthcoming  work  on  Queensland 
Palaeontology,  by  Mr.  Robert  Etberidge,  jun.,  now  of  Sydney,  New 
South  Wales,  there  is  a  fragment  of  a  shell  which  is  certainly 
identical  with  the  present  species,  with  which  it  perfectly  agrees. 
In  the  explanation  of  the  plates,  communicated  by  Mr.  Etberidge  to 
Dr.  Henry  Woodward,  F.R.S.,  the  fragment  in  question  is  designated 
Spirt/era  trigonaltB  [Martin],  var.  crasaa  (Davidson),  de  Koninck? 
But  the  doubt  expressed  by  the  Yiote  of  interrogation  shows  that  the 
suggested  name  for  this  fragment  was  only  given  tentatively. 

The  occurrence  of  the  present  species  in  Queensland  is  interesting 
as  showing  its  tolerably  wide  geographical  distribution. 

Spirifera  Eardmani  is  one  of  the  few  species  among  the  Kimberley 
fossils  which  I  am  able  to  identify  with  some  degree  of  certainty 
with  a  Queensland  form,  a  circumstance  to  be  accounted  for  probably 
by  the  fragmentary  condition  of  the  specimens  hitherto  obtained  in 
Queensland. 

The  present  species  finds  its  nearest  analogue  in  Spirifera  cincta, 
von  Eeyserling,'  but  it  is  clearly  distinguished  therefrom   by  its 

>  See  a  short  paper  by  F.  T.  Gregory  in  Quart.  Joum.  Geol.  Soe.  1861,  toL  xni. 
p.  476;  also  the  paper  by  W.  H.  Hudleston,  F.R.S.,  in  the  same  Journal,  1888, 
vol.  ixxii.  p.  682,  already  referred  to. 

>  Wifisensch.  Beobacht.  anf  einer  Reise  in  das  Fetschoialand  im  Jahre  1843, 
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straighter  binge-line,  the  lesBer  prominence  of  the  beak  of  the  ventral 
Talve,  and  the  more  quadrate  form  of  the  shell. 
Locality. — Gascoyne  River. 

Spibifeba  Musakhstlknsis,^  Davidson,  var.  Austbalts,  var.  nov. 
Plate  Vn.  Fig.  2,  and  ?  Plate  V.  Fig.  12. 

1846.  Spirifer  faaeigtr^  von  Eeyserling,  Wissensch.  Beobacht.  aof  einer  Reise  io 
das  Petschoraland  im  Jaare  1843,  p.  229,  Tab.  tUI.  fi^.  3,  3a,  U, 

?  1860.  Spirifer  tegulatus,  Trantschold,  Nouv.  Mem.  de  la  Soc.  Imp.  des  Nat.  de 
Moscon,  torn.  xiii.  p.  354,  '*  Die  Ealkbriicbe  tou  MjatscmLOwa,"  Taf. 
xxxT.  figs,  a — ff. 

1862.  Spirifera  MootakhailetuiSf  Dayidson,   Quart.  Joum.  GeoL   Soc.  toI.  xtUI. 

p.  28,  pi.  ii.  fig  2,  a—e. 

1863.  Spirt/era  Mooaakhailetuia,   de  Koninck,   Fossiles  Pal^oz.  de  Plnde,  p.  34, 

pi.  xi.  figs.  2,  a — e  (copied  from  Davidson's,  loe,  eit.). 

1865.  Spirifer  Moagakhaiiemis^   von   Martens,   in   Beyrich,  Phjsik.  Abbandl.  der 

Konigl.  Akad.  der  Wissensch.  zu  Berlin  (1864),  IJeber  eine  Koblenkalk- 
Fauna  von  Timor,  p.  77,  Taf.  i.  fig.  7. 

1866.  Spirifera  MoosakhailenaiSy   Davidson,   Quart.   Joum.   Geol.  Sec.  vol.  xxii. 

p.  41,  pi.  ii.  fig.  6. 
1887.  Spirifer  Musakheyiensis,  ArTaagen,  Pal.  Indica,  Ser.  xiii.  Salt  Range  Fossils, 

vol.  i.  p.  512,  pi.  xlv. 
1889.  Spirifer  faseiffer,  Tschemyschew,  Allgem.  geol.  Earte  von  Russland,  Blatt  139, 

(M6m.  du  Com.  G6ol.  vol.  iii.  No.  4),  pp.  353,  366,  Taf.  v.  figs.  4,  a — e. 

The  following  is  Davidson's  description  of  this  species  : — **  Shell 
transversely  rhomboidal ;  valves  almost  equally  deep  or  convex  ; 
hinge-line  variable  in  length,  sometimes  not  half  as  long  as  the 
breadth  of  the  shell,  while  at  times  it  is  as  long.  Ventral  area  of 
moderate  width  ;  fissure  wide  and  partially  covered  over  by  a  pseudo- 
deltidium.  Dorsal  valve  sub-linear ;  beak  small  and  moderately  in- 
curved. In  the  dorsal  valve  there  exists  a  wide,  elevated  angular  fold, 
and  in  the  ventral  one  a  corresponding  sinus.  The  whole  surface  of 
the  shell  is  covered  with  numerous  small  ribs,  which  cluster  into  fasci- 
cnli,  seven  or  eight  being  collected  into  groups,  which  give  to  the 
valves  the  appearance  of  a  double  plication,  many  of  the  smaller  ribs 
being  due  to  interpolation;  while  the  whole  surface  and  ribs  are 
closely  intersected  by  numerous  sharp,  projecting,  concentric  un- 
dulating laminsB,  of  which  four  or  more  may  be  counted  in  the 
breadth  of  a  line.  Dimensions  very  variable  :  a  large  example 
measured  26  lines  in  length  by  39  in  width  and  18  or  19  in  depth. 

It  was  not  until  after  much  hesitation  that  I  have  ventured  to 
propose  a  new  name  for  the  Spirifera  under  description.  In 
external  shape  as  well  as  by  the  grouping  of  the  ribs  it  bears  much 
resemblance  to  several  known  species  of  Spirifera,  and  especially  to 
that  figured  in  Owen's  "  Geol.  Survey  of  Wisconsin  and  Minnesota  " 

p.  229,  Tab.  viii.  figs.  2  a—e  (1846).  See  also  de  Koninck,  Faime  du  Calc.  Carb. 
oe  la  Belgique,  1887  (Ann.  du  Mus.  Roy.  d'llist  Nat.  de  Belgioue,  tom.  xiv.), 
pt  vi.  p.  108,  pi.  xxiv.  figs.  6,  7,  and  pi.  xxvi.  figs.  1 — 4.  Recorded  also  by  Th. 
Tschemyschew,  Allgem.  geol.  Karte  von  Russland,  Blatt  139  (Mem.  du  Com.  G6ol. 
vol.  iil  is'^o.  4),  p.  356, 

'  This  word  is  written  "Moosakhailensis "  by  Davidson,  but  I  have  adopted 
^aagen's  spelling  of  it  (Salt  Range  Fossils,  Pal.  Ind.},  as  being  doubtless  the  mure 
correct  one. 


148  A.  H.  Foord— Western  Australian  Fossib. 

(pi.  V.  fig.  4)  under  tbe  name  of  Sp,  faseiger,  Eeyserling  ? ;  but  I 
partake  of  that  author's  doubts  while  referring  the  shell  in  question 
to  de  Eeyserling's  Russian  speoies.  It  approaches  also  by  its  shape 
to  certain  examples  of  d'Orbigny's  Sp.  Condor,  Sp.  eameratus.  Hall, 
as  well  as  to  some  exceptional  British  specimens  of  Spirt/era  striata; 
but  in  none  of  these  do  we  perceive,  nor  does  any  author  describe  the 
peculiar  and  beautifully  regular,  closely  disposed,  sharp,  projecting, 
concentric,  undulating  laminas,  which  resemble  so  closely  those  of 
8p,  laminosa,  and  which  give  to  the  shell  its  beantifal  sculptured 
appearance.  Sp.  MoosakhailenBis  is  common  in  the  Ponjab,  at 
Moosakhail,  Chederoo,  Kafir  Rote,  etc." 

The  close  resemblance  of  the  Australian  fossil  to  Sp.  Mvwikheylensis, 
Dav.  (the  types  of  which  are  now  before  me),  is  at  once  apparenti 
and  the  only  difiference  between  them  is  that  the  ornaments  of  the 
Australian  species  are  perhaps  a  little  coarser  than  those  of  the  Indian 
one,  i.e,  tbe  former  has  slightly  larger  and  consequently  fewer  small 
ribs  (comparing  together  individuals  of  the  same  size)  than  the 
latter,  and  the  imbricating  lamellsB  exhibit  the  same  divergence  of 
character.  It  seems,  however,  scarcely  necessary  to  regard  these 
slight  differences  as  of  more  than  varietal  importance,  especially 
when  one  takes  into  account  the  variations  in  any  large  assemblage 
of  Brachiopods,  as  Davidson  himself  has  so  often  demonstrated  in 
bis  plates. 

The  synonymy  of  the  present  species  is  somewhat  involved. 
Taking  first  Spir if er  faseiger,  Keyserl.,  we  find  that  it  is  regarded  by 
Th.  Tschemyschew,*  who  had  access  to  the  type-specimen  (or 
specimens),  as  identical  with  Spirifera  MuaakheylensiSf  Dav.,  and  with 
another  form  which  he  describes  and  figures  from  the  Southern 
Urals,  llie  following  is  the  passage  in  which  he  gives  his  views 
concerning  these  forms: — "I  find,"  he  says,  "no  sufficient  ground 
for  separating  Spirifer  tegulatus,  Trautsch..  from  the  Indian  species 
[Musakheylenaia^f  and  from  Sp,  faseiger,  Keyserl."  The  figures  of 
the  latter  in  Tscbernyscbew's  plate  are  certainly  in  no  way  dis- 
tinguishable from  those  of  Waagen*  in  the  "PalsBont.  Indica." 
"Waagen,  while  admitting  the  very  close  relationship  between 
Spirifer  faseiger  and  Sp,  Mnsdkheylensis,  finds  that  the  ornaments 
in  the  former  are  coarser  than  those  of  the  latter.  In  this  respect, 
therefore,  Sp,  tegulata  approaches  the  present  variety.  Waagen  also 
observes  that  '^  if  we  set  aside  the  lamellose  character  of  the  strise 
of  growth,  then  there  is  quite  a  number  of  species  to  which  the 
present  one  might  be  compared,"  and  that  probably  Sp,  faseiger  is 
the  ancestral  type  of  them  all.' 

It  has  been  seen  that  Davidson  failed  to  recognize  the  identity  of 
his  species  with  Sp.  faseiger,  because  von  Keyserling's  specimens 
being  only  casts,  one  at  least  of  the  most  important  of  the  specific 
characters  was  wanting  in  them  ;  but  he  seems  to  have  overlooked 
Trautschold's  species,  in  which  the  lamellose,  imbricated  strias  are 

^  See  table  of  synonymy. 

«  Pal.  Ind.— Salt- Range  Foasila,  1887,  Yol.  i.  p.  612,  pi.  xIt. 

'  Zoe.  eit,  p.  515. 
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clearly  figuredy  an  enlarged  figure  of  them  being  given  to  show  their 
stmctnTe.^ 

If  now  we  regard  ^S^.  tegvlata  of  Trautschold  either  as  a  distinct 
specieB,  aooording  to  Waagen,  or  merely  as  a  variety  of  Musakheyl' 
ensis,  then  Davidson's  name  would  still  hold  good.  If,  on  the  other 
band,  Tsobemyschew's  views  are  correct,  viz.  that  Musakheylensis 
lod  ieguUita  are  one  and  the  same  species,  the  latter  name,  being  of 
prior  date,  must  take  the  place  of  the  former.  Waagen  holds  very 
decided  opinions  upon  this  point.  He  says,  that  **  the  peculiar 
icalpturing,  so  similar  to  that  of  MuBakheylenais,  has  been  excellently 
described  and  figured  by  Trautschold ;  but  from  his  description  and 
figures  it  can  also  be  concluded  with  very  great  certainty  that  the 
two  species  are  different.  In  Spirifer  tegtdatus  the  radiating  ribs  are 
much  coarser,  and  the  lamellose  sculpturing  more  strongly  developed 
than  in  the  Indian  form,  and  there  is  apparently  but  little  doubt 
that  the  two  species  are  different.  Nevertheless,  it  is  highly  probable 
that  the  Russian  species,  which  occurs  in  the  Upper  Carboniferous 
Limestone  of  Moscow,  is  the  ancestor  of  the  Indian  shells." 

After  much  deliberation,  I  have  thought  it  best  to  leave  the  matter 
an  open  question,  retaining  for  the  present  Davidson's  name,  which 
is  now  so  widely  current,  for  the  species,  making  the  Australian 
form  a  variety  of  it  Most  probably  the  fossil  described  by  von 
Martens  from  the  Island  of  Timur  belongs  to  the  latter,  the  localities 
of  the  two  forms  not  being  very  remote  from  each  other. 

The  interior  of  a  ventral  valve  figured  on  Plate  V.  (Fig.  12)  may 
possibly  belong  to  the  present  species,  but  the  specimen  is  too 
imperfectly  preserved  to  be  determined  with  certainty, 

Loeality. — Gasooyne  Eiver. 

Sybingothyris  exsuperans,  de  Koninck,  sp. 

1S77.  Spirifera  exsuperans,  de  Koninck,  Rech.  sur  Ics  Fobs.  Palcoz.  de  la  Nouvelles- 

Galles  du  8ud  (Aostralie),  pt.  iii.  p.  249,  pi.  xv.  figs.  1,  la,  lb. 
1878.  Spirifera  exsuperanSy  Etheridge,  jun.,  Cat.  Australian  Fossils,  p.  56. 

There  occur  in  the  Collection  numerous  fragments  of  the  hinge- 
plates  of  this  species  from  the  Gascoyne  River.  Being  broken  in 
a  peculiar  manner,  these  separate  pieces  were  very  puzzling,  and  I  at 
first  took  them  to  be  portions  of  a  Lamellibranch ;  but  my  friend 
Mr.  R.  B.  Newton,  to  whom  I  showed  them,  fitted  some  of  the 
pieces  together,  and  thus  demonstrated  their  true  nature. 

Loeality. — Gascoyne  River. 

Athtris  Maoleayana,  Etheridge,  jun.     Plate  VII.  Fig.  3  (and 

Woodcut). 

1889.  Athyris  Maeleayanay  Etheridge,  jun.,  Proc.  Linnean  Soc.  New  South  "Wales, 
second  ser.  vol.  iv.  pt.  ii.  p.  208,  pi.  xvii.  figs.  1 — 6. 

"Shell  circular,  or  transversely  oval  in  outline,  but  usually  the 
former,  plano-convex,  or  at  times  slightly  concavo-convex,  the 
ventral  valve  flat  or  slightly  concave ;  the  lateral  margins  are  in 
the  same  plane  with  the  hinge-line,  but  the  front  is  to  some  extent 

^  Noav.  M^m.  de  la  Soc.  Imp.  des  Nat.  de  Moscou,  1860,  torn.  xiii.  pi.  xxxt. 
fig.  W. 
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linuated.  Ventral  Talve  fiat  m  a  mle,  and  ver;  shallow,  with  an 
inooDBpicuouB  honzontal  and  semi-truncate  umbo,  hnt  in  no  degree 
overhanging  the  hinge-line  ;  foramen  small,  oironlar,  opening 
upwards,  but  sometimes  a  little  oblique ;  sinus  very  faintly  sbowa 
on  the  surface  of  the  valve,  but  indicated  by  a  forward  extension  of 
the  front  margin.  Dorsal  vslve  moderately  convex,  evenly  ronniled 
in  outline,  with  little  or  no  distinotion  into  fold  and  fisaks ;  nmbonsl 
region  far  more  marked  than  in  the  ventral  valve.  Snrfaoe  of  both 
T^vee  with  coarse,  concentric  roughened  laminn. 

"A  very  peculiar  form  of  Athyria,  from  ^e  penlstent  shallowness 

of  the  united  valves,  especially  of  Uie  ventral In  one  or  two 

places  the  appearance  of  the  concentric  snrfaoe  laminn  would  lead  to 
the  belief  that  they  projected  as  aepaiate  spines,  after  the  manner  of 
Athyrig  Boytiii,  Lev." 

Nearly  all  the  specimens  in  the  Collection,  with  the  exception  of 
the  one  figured  on  Plate  Yll.,  are  crushed,  but  it  is  plain  that  the 
valves  were  naturally  much  compressed,  and  none  of  ttiem  indioate, 
so  far  ae  one  can  judge,  the  amount  of  convexity  of  the  doraal  valve 
of  the  specimen  figured  by  Mr.  Etheridge  {loc  ett.  figs.  S,  i).  His 
description  of  this  species  ngrees,  however,  so  nearly  with  the 
specimens  from  the  Gascoyne  Kiver,  that  I  have  Bcaroely  any  hesita- 
tion in  referring  them  to  it.  1  am  fortunately  enabled  to  give  a 
figure  of  the  interior  of  the  ventral  valve  of  the  present  spedes, 
which  I  have  drawn  on  the  wood,  having  succeeded  in  removing 


Athyrit  MacltayoHa,  B.  Eth.,  jun.,  Carboniferous,  Guooyn«  Biver. 
the  matrix  from  one  of  the  epeciroena.  This  supplements  my 
brother's  figure  (PI.  VII.  Fig.  3).  Two  other  specimens  show  the 
interior  of  the  same  valve,  and  the  matrix  being  somewhat  friable, 
is  easily  cleaned  out.  llie  interior  struotures  being  thus  readily 
laid  bare  will  aflTord  future  collectors  a  valuable  character  for  the 
recognition  of  the  species.  Only  one  of  the  speoimens  is  sufficiently 
well  preserved  to  show  in  some  places  the  spines  which  ornamented 
the  surface  of  the  shell ;  in  all  the  others  these  have  been  rubbed 
nfi".  and  no  indication  of  them  remains  but  a  few  faint  longitudinal 
lines,  such  as  are  seen  in  Plate  VII.  Fig.  3,  which  is  the  exter- 
nal view  of  the  same  individual  representtd  in  the  accompanying 
woodcut  (C).  In  this  it  will  be  seen  that  the  dental  plates  are 
united  to  the  outer  wall  of  the  shell  by  a  thick  shelly  callosity. 
IThe  binge-teeth  {i,  t)  are  strong  and  prominent,  and  apparently 
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bifid.  The  adductor  impressions  (a)  are  rather  deep,  heginning 
a  little  below  the  level  of  the  hinge-teeth,  and  terminating  at  about 
the  mid-length  of  the  shell,  where  they  meet  a  somewhat  prominent 
ridge  or  septum  (0)  which  extends  nearly  to  the  front  margin  of 
the  valve.  Iliis  septum  divides  the  large  and  spreading  impressions 
of  the  oardinal  muscles  (d)  into  two  areas  which  occupy  nearly  one- 
third  of  the  interior  of  the  valve,  and  terminate  in  two  short  and 
narrow  lobes  at  the  bottom  of  the  septum.  The  rest  of  the  interior 
of  the  shell,  with  the  exception  of  a  narrow  marginal  zone,  is  covered 
with  reticulated  vascular  markings,  strong  near  the  hinge-teeth,  and 
becomiDg  less  pronounced  towards  the  front  margin  of  the  valve. 

I  may  add  that  the  largest  individual  in  the  Collection  measures 
1  inch  2  lines  in  length,  and  1  inch  5  lines  in  breadth. 

A  single,  crushed  specimen,  with  both  valves,  evidently  derived 
from  a  different  matrix  from  the  rest,  differs  slightly  froni  them 
in  its  greater  relative  breadth.  This  example  is  illustrated  in  the 
Woodcut  (ii),  together  with  a  portion  of  its  shell-ornament  (B), 
consisting  of  flattened  spines,  forming  a  fringe  at  the  margin  of  the 
lamellflD  of  which  the  shell  is  composed.  A  similar  spiny  investment 
covers  the  shell  of  Athyris  Boy  sit,  to  which  the  present  species  is 
probably  nearly  allied. 

Locality. — Qascoyne  River. 

Carbonifxboub  Fossils  from  thb  Ibwtn  Biveb,  Yiotobia  District.^ 

POLYZOA. 

Fbnestella. 

Fragment  of  the  non-poriferous  aspect  of  a  frond  of  a  species  of 
FenesteUa,  probably  F.  ampla,  Lonsdale  (Strzelecki's  Phys.  Descr.  of 
New  South  Wales  and  Van  Diemen's  Land,  1845,  p.  268,  pi.  ix.  figs. 
3y  a-d)* 

BRACmOPODA. 

Produotus  tbnuistriatus,  de  Vernenil.     Plate  VII.  Figs.  4,  4a. 

1845.  FroduetuB  tenuistriatuSj  de  Yerneuil,  Geol.  de  la  Russie  d' Europe,  et  des 
Montagues  de  TOural,  vol.  ii.  pt.  iii.  Paleont.  p.  260,  pi.  xvi.  fig.  6. 

1889.  Produetus  ttnuistriatus,  Tschernyschew,  Allgem.  geol.  Karte  von  Russland, 
Blatt  139  (M6m.  du  Com.  G^ol.  vol.  iii.  No  4),  p.  372,  Taf.  vi.  figs.  15,  a-c. 

There  are  a  few  examples  of  a  species  which  agrees  in  all  essential 
points  with  de  Verneuil's  tenuistratns.  This  species  differs  from 
others  of  the  same  genus  by  the  fineness  of  its  strise,  their  irregu- 
larity, and  the  absence  or  rarity  of  the  tubes  with  which  the 
Producti  are  usually  provided. 

The  irregularity  of  the  ribbing  is  referred  to  also  by  Tschernyschew 
as  one  of  the  distinguishing  characters  of  tenuistriatus,  and  he  adds 
that  there  are  intercalated  ribs  between  the  original  ones.  These  are 
qaite  recognizable  in  the  specimens  under  description. 

Locality. — Irwin  River,  Victoria  District. 

*  An  explanatory  note  by  Mr.  H.  P.  "Woodward  to  the  following  effect  accom- 
panied these  fossils :— "  Irwin  River,  Coal  Seam,  a  little  8.E  of  Champion  Bay, 
about  30  miles  from  coast :  sandy  table-land,  cut  through  by  river,  exposing  ferrugi- 
nous sandstones  and  conglomerate,  resting  unconformably  on  Coal-measure  Series.' 
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Produotus  8UBQT7ADBATU8,  M^niB.    Plate  YU.  Fig.  5. 

IMd,    Froduetuf  ntbquadratua,  Morris,  in  Stneledd's  Physiml  Description  of  New 

South  Wales  and  Van  Diemen's  Land,  p.  284. 
P1847.  Froduetui  tubquadratuty  de  Koninck,  Hon.  da  Genie  Frodnctiu,  p.  203, 

Atlas,  pi.  xiv.  figs.  1,  a-d, 
1878.    Produetua  subqmdratua,  Etheridge,  jnn.,  Cat.  Australian  Foes.  p.  53. 
1880.    Froductus  subguadratut,  Etherif]^,  Jan.,  Proc.  Boj.  Phys.  Soe.  Edinborgb, 

▼ol.  V.  p.  283. 

Several  tolerably  well-preserved  specimens  are  referred  to  this 
species  mainly  on  account  of  the  well-marked  mesial  farrow  which 
distinguishes  them,  and  is  one  of  the  chief  characters  in  9vbquadratus, 

Mr.  R.  Etheridge,  jun.  (Proc.  Roy.  Phys.  Soc.  Edinb.  voL  v. 
1880,  p.  283),  refers  to  de  Eoninck's  opinion  that  the  present  species 
is  only  a  form  of  P.  hrachytharus,  Q.  Sow.,*  but  he  does  not  say 
anything  tending  to  confirm  de  Koninck's  view.  The  specimen 
forming  part  of  the  Strzelecki  Collection  in  the  British  Museum,  and 
figured  by  Morris  in  Strzelecki's  work  on  "New  South  Wales" 
(pi.  xiv.  fig.  4c,  not  figs.  4a,  46),'  assuredly  cannot  belong  to  the 
same  species  as  the  form  named  by  Morris  P,  subquadratuSy  the  type 
of  which  I  have  now  before  me.  The  ventral  valve  of  the  latter  is 
extremely  gibbous,  and  is  divided  into  two  prominent  lobes  by  a 
very  distinct  mesial  furrow,  a  character  well  displayed  in  Mr.'  H.  P. 
Woodward's  specimens.  No  such  feature  is  to  be  found  in  P.  brachy- 
tharuB,  nor  has  it  apparently  the  numerous  irregularly-disposed, 
conspicuous  spine-bases  with  which  the  surface  of  P.  subquadraius 
is  beset.  It  would  seem  not  improbable  that  the  species  doubtfully 
referred  by  Mr.  Etheridge  to  P.  subquadratus  is,  after  all,  not  that 
one,  because  no  mention  is  made  of  any  mesial  furrow  in  the 
description,  which  is  so  marked  a  character  in  Morris's  species,  and 
one  therefore  which  could  not  possibly  have  been  overlooked. 

Locality. — Irwin  River,  Victoria  District. 

Produotus  undatus,  Defrance.     Plate  VII.  Fig.  6. 

1826.  Produetua  undatus,  Defrance,  Diet,  des  Sei.  Nat.  vol.  xliii.  p.  354. 

1843.  Froductus  undatua,  de  Koninck,  Descrip.  des  Anim.  Fosb.  da  Terr.  Carb.  de 

Belgique,  p.  156,  pi.  xii.  fifts.  2,  a^e. 
1845.  Froduefut  undatus^  de  Yerneuil,  G^l.  de  la  Russie  d*Earope,  et  les  Montagnee 

de  rOural,  vol.  ii.  pt.  iii.  Paleont.  p.  261,  pi.  xv.  fi^.  15. 
1847.  Froductus  undatus^  de  Koninck,  Mon.  du  Genre  ProNductas,  p.  156,  Atlas, 

pi.  V.  figs.  3,  a — e, 

1860.  Froductus  undatus,  Trautschold,  Nouv.  Mem.  Soc.  Imp.  des  Nat.  de  Moscou, 

tom.  xiii.  p.  329,  Taf.  xxxii.  fig.  2. 

1861.  Froductus  undatus,   Davidson,  Brit.  Carb.   Brach.  vol.   ii.  pt.  v.  p.  161, 

pi.  xxxiv.  figs.  7—13. 

1877.  Froductus  undatus,  de  Koninck,  Recherches  sur  les  Fossiles  Pal^ozoiqaes  de 

la  Noavelles-Galles  du  Sud  (Aostralie),  pt.  iii.  p.  190,  pi.  ix.  fig.  4. 

1878.  Froductus  undatus,  Etheridge,  Jan.,  Cat  Australian  Fossils,  p.  53. 

This  well-marked  and  widely-distributed  species  is  represented 

1  In  Darwin*s  Geological  Observations  on  Coral  Reefs,  etc.  pt.  ii.  1851,  Appendix, 
p.  168. 

•  Dr.  H.  Woodward,  F.R.S.,  and  Mr.  Etheridge,  jun.,  proved  that  these  figures 
represent  **  a  distinct  and  separate  species,"  from  fig.  ic,  which  is  the  true  F,  braehy* 
tharus  (Proc.  Roy.  Phys.  Soc.  Edinburgh,  vol.  v.  1880,  pp.  286,  287). 
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by  specimens  wbiob  show  admirably  the  features  obaraoteristio  of  it, 
as  may  be  seen  in  the  one  selected  for  illustration.  The  curious 
cmmpled  appearance  of  the  concentric  wrinkles  on  the  surface  of 
the  shell  is  a  feature  which  plainly  distinguishes  this  species  from 
all  others,  and  has  led  to  its  recognition  in  many  countries. 
Locality. — Irwin  Eiver,  Victoria  District. 

Spibifkba  Musakhbtlsnsis,  Davidson,  var.  Austbalis,  var.  nov. 

A  small   specimen    of  this   variety    showing   its   characteristic 
ornaments. 
LocaUtjf. — Irwin  Biver,  Victoria  District 

SYBiMGOTHTais  ExsuPBBAMS,  dc  Eoninck,  sp.  (supra,  p.  149). 

Fragments  of  the  ventral  valve  of  this  species  are  contained  in 
Mr.  H.  P.  Woodward's  Collection.  They  are  clearly  identical  with 
the  specimens  from  the  Gascoyne  Biver.  One  of  them  shows  the 
large  area  with  its  triangular  aperture,  partly  closed  by  the  pseudo- 
deltidium,  and  on  the  other  side  the  ribbed  shell  with  its  deep 
mesial  sinus. 

Locality, — Irwin  Biver,  Victoria  District. 

Brtioularta  lineata,  Martin,  sp. 

1809.  ConehilolithuB  Anomitea  Uneatua^  Petrificata  Derbiensia,  p.  12,  pi.  xxxW.  fig.  3. 
1836.  Spin/era  Itneata^  Phillips,  Geol.  of  Yorkshire,  pt.  ii.  p.  219,  pi.  x.  fig.  17. 
1842.  Spirifcr  lineatua,  de  Koninck,  Descr.  des  Anim.  Foss.  du  Terr.  Carb.  de  la 

Belgique,  p.  270,  pi.  yi.  fig.  6,  pi.  xvii.  fig.  8. 
1858.  Spiri/era  lineata,  Davidson,  British  Carb.  Brach.  vol.  ii.  pt.  v.  p.  62,  pi.  xiii, 

figs.  1-13. 
1865.  Spirt/fir  lineatus,  von  Martens,  in  Beyrich,  Physik.  Abhandl.  der  Konigl. 

Akad.  der  Wissensch.  zu  Berlin  (1864),  p.  76,  Taf.  i.  figs.  13,  a-e. 

1877.  Spirtfer  lineafua,  de  Eoninck,  Rech.  sur  lea  Foss.  Paleoz.  de  la  Nouvelles- 

Galles  du  Sud  (AustrMlie),  pt.  iii.  p.  224,  pi.  xi.  fig.  9. 

1878.  Spiri/era  lineata,  Etheridge,  lun..  Cat.  Australian  Fossils,  p  67. 

1887.  keticularia  lineata,  Waagen,  Mem.  GeoL  Surv.  India— Pala)ont.  Indica,  Salt- 
Range  Foss.  vol.  L  ser.  xiii.  p.  640,  pi.  xlii.  figs.  6-8. 

Specimens  of  the  ventral  valve  of  this  species  are  recognizable  in 
the  Collection. 
Locality, — Irwin  River,  Victoria  District. 

Betioularia  grkbristria,  Morris,  sp. 

1845.  Spirifera  erebriairia,  Morris,  in  Strzelecki's  Phys.  Descrip.  of  New  South 

Wales  and  Van  Diemen*8  Land,  p.  279,  pi.  xv.  fig.  2. 
1847.  Spiri/era   (Betieularia)  erebriatriaf  M'Coy,  Ann.  and  Mag.   Nat.  Hist.  vol. 

XX.  p.  232. 
1854.  Spirifera  erebriatria.   Grange,  in  Duraont-d'Urville's  Voyage  au  Pole  Sud, 

Geol.  vol.  ii.  p.  86. 

1877.  Spiri/era  erebriatria^  de  Eoninck,  Rech.  sur  les  Foss.  PaUoz.  de  la  Nouvelles- 

Galles  du  Sud  (Australie),  pt.  iii.  p.  225,  pi.  ix.  fig.  5. 

1878.  Spiri/era  erebriatria^  Etheridge,  jun.,  Cat.  Australian  Fossils,  p.  66. 

"Shell  transversely  elliptical,  depressed  ;  mesial  fold  rather  large, 
rounded  and  undefined  ;  surface  marked  with  numerous,  fine,  radiat- 
ing, closely  approximated  strisd,  crossed  by  the  faintly  prominent 
lines  of  growth;    width    exceeding    the   length    by   one-fourth." 
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(Morrifl).    The  oharaoteristio  features  of  this  species  are  fairly  well 
shown  in  two  or  three  examples. 

Locality, — Irwin  Biver,  Yiotoria  District 

Obthotktes  obenistbia,  PhiUips,  sp. 

1836.  Spirifera  ereniatria,  Phillips,  Geology  of  Yorkshirei  pt.  ii.  p.  216,  pi.  xi.  fie.  6. 
1860.  Streptorhynehu*  erenistriaj  DavidBon,  Brit.  Garb.  Brach.  toL  ii.  pt.  v.  tniixi 

portdon,  p.  124,  pi.  xxri.  fig.  1,  pi.  zxvii.  fig.  1-6  and  10  F,  pi.  xzx.  figs. 

14-16. 
1866.  Streptorhynehut  erent'atria  ?  Beyrich,  Fhysik.  Abhandl.  der  E5mgl.  Akad.  der 

Wissenscb.  zu  Berlin  (1864),  p.  82,  Taf.  1,  figs.  9,  a,  b. 

1877.  Orthotetes  eienisfria^  de  Koninck,  RecherchGB  snr  lee  FossileB  Pal^ozoiquea  de 

la  Nouvelles-Galles  du  Sud  (Australie).  pt.  iii  p.  212,  pi.  x.  fig.  8. 

1878.  OrthoUtes  etettifitriaf  Etheridge,  jun.,  Cat.  Australian  Fossils,  p.  60. 

This  Bpecies  is  represented  only  by  a  fragment  of  a  dorsal  valve. 
Locality, — Irwin  Hiver,  Victoria  District 

LAMELLIBRAKCEIA  TA. 

Paohtdomus  oarikatus,  Morris. 

1846.  Fachydomua  earinatus^  Morris,  in  Strzelecki*s  Pbydcal  Description  of  New 

South  Wales  and  Van  Diemen's  Land,  p.  273,  pi.  xi.  figs.  3,  4. 

1847.  Cyprieardia  rugulosa^  Dana,  American  Journ.  Sci.  vol.  iv.  p.  167. 
1847.  Paehydomut  earinatus^  M*Coy,  Ann.  Mag.  Nat.  Hist.  vol.  xx.  p.  301. 

„      Ma<mia  eannata,  Dana,  in  A^ilkes's  £xpl.  Exped.  1838-42,  vol.  x.  Geology, 
p.  696,  Atlas,  pi.  vi.  figs,  la,  \b. 

1877.  FleurophoruM  earinatus  ?»  de  Eoninck,  Reob.  sur.  les  Fosb.  Pal^s.  de  la 

Nouvelles-Galles  du  Sud,  pt.  iii.  p.  283,  pi.  xix.  fig.  8. 

1878.  Faehydomm  earinatusj  Etbendge,  jun.,  Cat.  Australian  Fossils,  p.  74. 
1880.  Fachydomus  (?)  carinatus,  Etheridge,  jun.,  Proc.  Royal  Phys.  Soc.  Edinburgh, 

p.  300,  pi.  xvi.  fig.  63. 

The  strong  umbonal  ridge  makes  this  species  easily  recognizable. 
There  are  two  or  three  small  examples  of  it 
Locality, — Irwin  River,  Victoria  District. 

Undetermined  Species, 

The  following  genera  also  are  probably  represented  among  the 
Irwin  River  fosBils,  but  the  specimens  are  too  imperfect  for  specific 
identification : — Aviculopecten,  Modiola,  EdmondiOy  Sanguinolites, 

GASTEROPODA, 
Bellbrophon  degussatus?,  Fleming. 

1828.  Bellerophon  deeusaatuSj  Fleming.  British  Animals,  p.  328. 
1844.  Bellerophon  decussatua,  de  Eoninck,  Descrip.  dcs  Animaux  Foss.  du  Terr. 
Carb.  de  la  Belgique,  p.  339,  pi.  xxix.  figs.  2,  3,  pi.  xxx.  fig.  3. 

1877.  Bellerophoft  decuasntus,   de  Eoninck,   Been,   sur  les    Foss.   Pal6oz.   de   la 

Nouvelles-Galles  du  Sud  (Australie),  pt.  iii.  p.  366. 

1878.  Bellerophofi  decusaatus,  Etheridge,  jun.,  Cat.  Australian  Fossils,  p.  79. 

There  are  several  examples,  mostly  of  the  young,  of  a  shell  veiy 
much  like  Fleming's  species,  but  only  one  of  them  has  the  test 
remaining,  and  in  this  the  ornaments  are  not  quite  satisfactorily 
preserved. 

Locality, — Irwin  River,  Victoria  District. 
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CEPHALOPODA. 

Obthoojebas,  sp. 

A  small  fragment  half  an  inch  long,  too  imperfect  to  determine, 
showing  a  central  siphuncle  and  seven  of  the  septa. 
Locality. — Irwin  Kiver,  Victoria  District. 

DisoiTEs,  sp. 

A  yoang  example,  somewhat  crashed,  of  the  type  of  Diseitei 
VNautilua']  Omalianus,  de  Eoninck  (Descr.  des  Anim.  Foss.  da  Terr. 
Carb.  de  la  Belgique,  SuppL,  1851,  p.  711,  pi.  Ix.  figs.  3,  a-c). 
The  specimen  has  the  test  preserved,  and  its  ornaments  consist  of 
fine  thread-like  spiral  lines  crossed  by  very  numerous,  close-set 
transverse  lines ;  the  septa  moderately  distant,  i,e.  about  two  lines 
apart  npon  the  peripheral  face,  where  the  transverse  diameter  is  four 
lines.     The  greatest  diameter  of  the  fossil  is  1  inch  2  lines. 

Locality. — Irwin  Biver,  Victoria  District 

EXPLANATION  OF  PLATES  VI.  and  VII. 

PLATE  VI. 

A  fine  group  of  specimens  of  Spirifera  lata  fMcCoy),  in  Carboniferons  Sandstone 
from  the  Lyons  Kiver,  a  tributary  of  the  Gascoyne  River,  West  Australia. 

PLATE  VII. 

Figs.  1,  la. — Spirifera  Hardmanij  Foord,  sp.  nov.    Exterior  of  Tentral  valve,  and 

(la)  interior  of  ventral  valve,  showing  hinge-area. 
Fio.  2. — Spirifera  Musakhei/lensia  (Davidson),  var.  Australia^  Foord,  var.  nov. 
Fio.  3. — Athyrie  Madeayana  (Etheridge,  jun.),  and  see  also  woodcuts  in  text. 
Fios.  1,  2,  and  3,  all  from  the  Carboniferous  of  the  Gascoyne  Kiver. 

Figs.  4  and  40. — Produetue  tenuistriatus  (de  Vemeuil). 
Fig.  5. — Productua  eubquadratut  (Morris). 
Fig.  6. — Produetm  utidntun  (Defrauce). 

Figs.  4,  5,  and  6  all  from  the  Carboniferous  of  the  Irwin  River,  Victoria  District. 


II. — Physiography  of  the  Lower  Trias. 
By  T.  Mbllard  Rbade,  C.E.,  F.G.S. 

THE  origin  of  the  Lower  Trias  is  evidently  a  question  of  interest 
to  the  readers  of  the  Geological  Magazine.  Professor  Bonney,^ 
in  an  article,  to  the  tone  of  which  no  exception  can  be  taken, 
criticizes  the  view  which  I  have  ventured  to  put  forth,'  and  very 
properly  supports  his  own.  It  would  be  impossible  and  a  waste  of 
paper  and  type  for  me  to  traverse  all  his  statements,  as  in  many 
cases  my  reply  would  amount  to  little  more  than  a  reproduction,  in 
a  different  form  perhaps,  of  the  arguments  already  made  use  of. 
There  are,  however,  one  or  two  points  on  which  1  should  like  to 
express  myself,  and  there  are  some  misconceptions  that  require 
clearing  up. 

Professor  Bonney  holds  pretty  strongly  to  the  view  that  the 
pebbles  of  the  Bunter  have  come  from  Scotland,  and  says,  "I 
entirely  fail  to  see  any  improbability  in  regarding  the  Pennine 
Chain  as  an  upland  which  separated  for  a  time  the  valleys  of  two 

^  Geol.  Mao.  Feb.  1890,  pp.  62-6.  »  Ibid,  Dec.  1889. 
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rivers  draining  the  moontainous  region  to  the  north."  As  I  hftve 
not  done  so  in  my  original  paper,  1  will  now  deal  specifioally  with 
this  notion. 

The  first  difficulty  in  accepting  it  arises  from  the  generally  sparse 
distribution  of  the  pebbles  throughout  the  Bunter  Sandstones  of 
Lancashire  and  Cheshire,  combined  with  the  much  greater  develop- 
ment of  conglomerate  beds  further  South  and  in  the  Midland 
Counties.  It  is  true  that  there  are  certain  horizons  in  the  Bunter 
of  Lancashire  and  North  Cheshire  containing  pebbles  which  have 
been  dignified  with  the  term  ''  conglomerates  "  to  distinguish  them 
from  the  more  prevalent  homogeneous  sandstones :  but  of  genuine 
conglomerate,  such,  for  instance,  as  may  be  seen  at  Market  Drayton 
and  Bridgnorth,  there  is  a  great  absence. 

Indeed,  so  much  so  is  this  the  case  that  I  am  about  to  exhibit  at 
the  Liverpool  Greological  Society  a  block  of  conglomerate  taken  from 
a  bed  only  nine  inches  thick  disclosed  by  sewer  excavations  in 
Church  Hoad,  Walton. 

If  the  pebbles  were  generally  derived  from  the  north  by  river 
transport,  we  should  expect  to  find  the  conglomerate  beds  increasing 
in  thickness  and  the  pebbles  in  size  in  that  direction.  The  contrary 
is  the  case. 

Then  as  to  the  sand  : — an  inspection  of  the  geological  map  of 
Scotland  shows  such  a  diversity  of  rock-structure,  and  there  exist 
such  lithological  differences  in  the  various  areas  that  would  have 
drained  into  these  two  hypothetical  rivers,  as  to  seem  irreconcilable 
with  the  required  travel  of  sand  only,  southwards. 

To  speak  fairly,  this  is  a  difficulty  that  afifects  more  or  less  any 
hypothesis,  but  it  is  doubly  intensified  on  the  subaerial  and  river 
theory  of  the  origin  of  the  Bunter  Sandstones. 

It  will  be  seen  that  Prof.  Bonney  misconceives  the  facts  in  speak- 
ing of  the  Bunter  generally  as  a  '*  conglomerate."  It  is  in  Lancashire 
and  Cheshire  essentially  a  sandsioney  and  many  of  the  so-called 
''pebble  beds"  do  not  possess  a  single  pebble!  Prof.  Bonney 
writes  from  a  locality  where  he  is  under  the  influence  of  "a  practi- 
cally unbroken  pebble-bed  at  least  thirty  yards  thick  " ;  but  this  is 
in  Staffi)rd8bire,  and  I  claim  the  fact  as  being  more  in  unison  with 
my  view  of  the  marine  origin  of  the  Bunter  than  with  its  possible 
derivation  from  the  north  by  river  action.  Such  a  conglomerate 
bed  does  not  to  my  knowledge  exist  in  the  Trias  anywhere  between 
here  and  Scotland. 

I  do  not  know  whether  Prof.  Bonney  has  read  the  two  papers 
referred  to  on  ''  Tidal  Action."  If  not,  he  may  possibly  on  perusal 
alter  his  views  as  to  the  efficiency  of  tides  to  move  such  pebbles  as 
are  found  in  the  so-called  "  Pebble  Beds." 

There  is,  I  know,  great  misconception  prevailing  on  the  subject  of 

tidal  action.     The  writers  of  geological  text  books,  judging  from 

all  that  I  have  read,  and  I  have  examined  many,  are  mostly  ''  quite 

at  sea  "  on  the  tides,  and  seek  to  confine  their  effects  to  the  shore  I 

^   Prof.  Bonney  asks,  "  Is  there  any  evidence  that  these  currents  would 

^  be  capable  of  sweeping  about  pebbles  3  or  4  inches  in  diameter  ?  " 
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to  which  I  answer,  "  Yes,  plenty,"  hat  also  add  that  snch  a  size  is  not 
common  in  the  Bunter  of  Lanoashire  and  Cheshire. 

According  to  the  experiments  of  Mr.  Black  well, ^  made  in  a  trough 
of  elm  60  feet  long,  4  feet  wide,  and  3  feet  deep,  set  horizontally, 
a  carrent  of  water  having  a  velocity  of  from  105  to  125  feet  per 
minute,  started  a  houlder  weighing  11*87  ozs.,  and  with  a  cnrrent  of 
from  165  to  180  feet  it  was  carried  along  at  the  rate  of  90  feet  per 
minute.  These  velocities,  the  lowest  ahout  a  knot  per  hour,  and  the 
highest  rather  less  than  two  knots,  are,  as  I  have  shown,  frequently 
exceeded  by  tidal  currents,  and  the  size  of  the  boulder  in  question  is 
far  above  the  mean  of  those  of  the  Pebble  Beds. 

Captain  Beechy,  who  investigated  the  tides  of  the  Irish  Sea,  says 
of  the  tide  entering  the  North  Channel,  **  The  main  body  sweeps  to 
Bouth  by  east,  taking  mainly  the  general  direction  of  the  Channel, 
but  pressing  more  heavily  on  the  Wigtonshire  coast ;  off  which  it 
has  scooped  ov^  a  remarkable  ditch  upwards  of  20  miles  long  by  about 
a  mile  only  in  width,  in  which  the  depth  is  from  400  to  600  feet  greater 
than  the  general  level  of  the  bottom  about  it"  Again,  between  Olas 
Island  and  Sqeir-i-Noe,  in  the  Little  Minch  off  the  west  coast  of 
Scotland,  the  flood- stream  often  takes  the  buoys  of  the  long  lines 
down  ;  '*  and  it  is  a  remarkable  circumstance  indicative  of  the  great 
depth  of  the  tidal  stream  here,  that  the  buoys,  though  anchored  in 
70  or  80  fathoms,  are  taken  completely  to  the  bottom ;  star-fish 
and  other  marine  animals  being  found  attached  to  them." '  These 
instances  might  be  multiplied,  but  there  are  evidences  of  strong* 
currents  at  much  greater  depths  in  the  ocean ;  for  instance,  while 
laying  the  Falmouth  Cable  near  Gibraltar  at  500  fathoms,  "the  wire 
was  ground  like  the  edge  of  a  razor,  and  we  had  to  abandon  it  and 
lay  a  cable  well  in  shore." '  These  facts  will  be  found  fully  detailed 
in  a  paper  on  "Tidal  Action  as  a  Geological  Cause"  (Proceedings 
of  Liverpool  Geol.  Soc.  1873-4),  and  "Tidal  Action  as  an  Agent  of 
Geological  Change,"  Phil.  Mag.  May,  1888.* 

One  of  the  characteristics  of  the  pebbles  of  the  Bunter  is  their 
extreme  smoothness  and  roundness,  and  I  venture  to  suggest  that 
the  rolling  about  by  tidal  action  from  day  to  day  amongst  siliceous 
Band,  together  with  the  wash  of  sand  over  and  against  them,  would 
produce  more  efficacious  polishing  and  give  more  travel  than  even 
the  longest  river  we  may  postulate.  But  it  is  not  to  be  assumed 
that  all  the  pebbles  were  polished  in  deep  water ;  for  if  the  beds  are 
marine  in  origin,  littoral  deposition  and  wave  action  are  not  excluded. 
I  think  I  have  now  answered  the  most  material  parts  of  Professor 
Bonney's  useful  criticisms,  and  as  1  have  no  personal  observations 
to  record  on  the  Nagelflue  and  Moleisse,  to  which  he  compares  the 
Bunter,  I  must  refmin  from  any  observations  thereon. 

^  These  were  made  for  the  Referees  of  the  Metropolitan  Drainage. 

^  Sailing  Directions  for  the  West  Coast  and  Islands  of  Scotland,  from  the  Mull  of 
Cantyre  to  Cape  Wrath,  p.  119. 

'  Extract  from  letter  from  Sir  Jas.  Anderson  to  the  writer. 

*  See  Mr.  Arthur  Hunt's  letter  on  **  Tidal  Action,'*  infra,  p.  191.— Edit. 
Geol.  Mao. 
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III. — On  ▲  Nkw  Spkoiks  of  Ptonodont  Fish  {Mesodon  DAUOJft) 

FROM  TBI  Portland  Oolitb. 

By  ^.  Smith  Woodwabd,  F.G.8.,  F.Z.S. 

THE  Fossil  Fishes  of  the  English  Portlandian  Formation  are  as 
yet  almost  unknown,  and  every  small  contribution  to  the  sub- 
ject is  thus  of  interest  IsehyoduB  Tounuendi,^  Mierodon  pagoda,^  the 
partially  described  Calurus  anguBtuSf*  an  undetermined  species  of 
Thris8op8,*  and  an  undescribed  species  of  Mesodon^^  appear  to  be  the 
only  forms  hitherto  recorded ;  and  to  these  may  be  added  a  laige 
bony  fish  allied  to  DitaxioduSy  represented  by  jaws  in  the  Briti^ 
Museum. 

The  species  of  Thr%$sops  and  the  isolated  jaws  just  mentioned 
require  longer  study  and  more  detailed  comparison  than  the  present 
writer  has  yet  been  able  to  undertake  for  their  satisfactory  determi- 
nation ;  but  the  dentition  of  Mesodon  seems  to  be  so  common  and 
typical  a  fossil  of  the  Portland  Beds,  exhibiting  such  well-marked 
characters,  that  it  will  be  convenient  at  once  to  apply  to  the  fish  it 
represents  a  defined  specific  name.  Mandibular  rami  with  teeth  of 
the  form  here  referred  to  have  been  recorded  in  error  under  the 
name  of  **  Fycnodus  Bucklandi,  Ag.";  and  a  figure  of  one  fine 
specimen,  now  in  the  British  Museum,  is  given  in  the  Supple- 
ment to  Mr.  Robert  Damon's  **  Geology  of  Weymouth,"  pi.  viii. 
fig.  9.  This  fossil  is  a  left  splenial  bone,  showing  nearly  all  the 
'.  teeth  in  position,  and  its  principal  characters  are  repeated  in  five 
other  specimens  in  the  same  collection. 

The  bone  in  question  is  comparatively  short  and  broad ;  and  the 
teeth  of  the  principal  series  are  transversely  elongated,  not  less  than 
twice  as  broad  as  long.  These  teeth  are  regularly  arranged,  with 
nan'ow  interspaces,  and  the  outer  extremity  of  each  is  somewhat 
broader  and  more  truncated  than  the  inner  extremity,  which  exhibits 
a  slight  tendency  towards  tapering.  The  inner  series  of  rounded  teeth 
is  relatively  larger  than  usual  in  the  genus,  and  is  irregularly  spaced ; 
while  still  nearer  the  inner  border  are  five  smaller  round  teeth,  with 
no  definite  regular  arrangement.  The  outer  teeth  are  smaller  than 
those  of  the  principal  inner  row,  and  seem  to  be  disposed  in  three 
dose  but  indefinite  series,  with  a  trace  of  a  fourth  mai^nal  series ; 
they  vary  in  size  and  form  indiscriminately,  some  being  imperfectly 
hemispherical  and  others  transversely  elongated  ;  and  none  exhibit 
a  direct  linear  arrangement,  although  the  median  of  the  three  series 
is  marked  by  its  teeth  being  of  slightly  less  size  than  those  of  the 
other  two.     In  another  specimen  the  fourth  or  outer  marginal  series 

1  Sir  Philip  Egerton,  Proc.  Geol.  Soc.,  vol.  It.  (1843),  p.  166.  E.  T.  Newton, 
Chimseroid  Fishes,  Brit.  Cret.  Rocks  (Mem.  Geol.  Survey,  1878),  p.  83,  pL  xi. 

a  Smith  Woodward,  Geol.  Mao.  [3]  Vol.  VI.  (1889),  p.  464.  Fyenodu9  pagoda, 
J.  F.  Blake,  Quart  Joum.  Geol.  Soc,  vol.  xxxvi.  (1880),  p.  228,  pi.  x.  fig.  10. 

>  L.  Agassiz,  Poiss.  Foss.,  vol.  ii.  pt.  ii.  (1843),  p.  116. 

*  Smith  Woodward,  Geol.  Mao.  [3]  Vol.  VI.  (1889),  p.  466. 

•  Woodward  and  Sherbom,  Cat.  Brit.  Foss.  Vertebrata  (1890),  p.  121.  Pyenodua 
Bueklandi^  J.  F.  Blake  {non  Agassis),  Quart.  Joum.  GeoL  Soc,  vol.  xxxvi.  (1880), 
p.  227>  and  B.  Damon,  Geol.  Weymouth  (1860-88),  Suppl,  pi.  viii.  fig.  9. 
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18  oKserved  to  extend  along  the  poiterior  half  of  the  bone,  diaappear- 
ing  in  the  anterior  half. 

On  comparing  this  form  of  dentition  with  that  from  the  Lower 
Oolitea  named  Pyenodus  didymm,  Ag. — which  ia  most  probably  the 
lower  jaw  of  Mesodon  Bueklandi — ^it  will  be  aeen  that  the  Portland 
fossil  is  diatingaished  (i.)  by  having  the  inner  aeries  of  teeth 
relatively  larger,  (ii.)  by  exhibiting  part  of  a  supplementary  inner 
TOW,  and  (iiL)  by  displaying  the  outer  small  teeth  in  three  series, 
vrith  half  of  a  fourth  sepes,  all  very  irregularly  arranged.  Such 
differences  may  certainly  be  regarded  as  of  specific  value ;  and  these 
characters  also  appear  to  separate  the  present  fossil  from  all  other 
jaws  of  Mesodon  hitherto  described.  The  most  nearly  related  form 
is  Mesodon  NieoleH  (Ag.),  from  the  Portlandian  of  Soleure,  Switzer- 
land. This  species,  however,  is  not  satisfactorily  defined,  being 
apparently  founded  on  an  imperfect  mandibular  ramus  with  ab- 
normally developed  outer  teeth;  and  if  certain  specimens  in  the 
British  Museum,  obtained  from  Soleure  and  probably  referable  to 
Jtf.  Nicoleti^  are  correctly  so  determined,  the  specific  distinctness  of 
the  Swiss  form  from  the  English  fossil  is  shown  (i.)  by  the 
relatively  smaller  size  of  its  inner  teeth,  (ii.)  by  the  absence  in  it 
of  a  partial  supplementary  series  inside  and  of  a  fourth  series 
outside,  and  (iii.)  by  the  greater  regularity  in  the  arrangement  of  its 
three  rows  of  outer  teeth. 

Under  the  circumstances,  the  Mesodon  of  the  English  Portlandian 
may  appropriately  receive  the  name  of  M,  Damoni,  in  memory  of 
one  of  the  most  successful  explorers  of  that  formation,  who  first 
made  known  the  fossil  jaw  by  publishing  a  good  figure. 


IV. — On  C<elacakthus  Phillipsii,  Aoassiz. 
By  James  W.  Davis,  F.G.S.,  F.L.S. 

1>HE  late  Prof.  Louis  Agassiz,  whilst  on  a  visit  to  Flalifax  with 
Prof.  John  Phillips,  during  the  years  in  which  he  was  pre- 
paring his  *'  Becherches  sur  les  Poissons  fossiles,"  identified  the 
caudal  extremity  of  a  large  species  of  Coelaoanth  fish  to  which  he 
appended  the  name  of  CoBlacanthus  Phillipsii  in  honour  of  his  friend. 
The  specimen  is  from  a  large  **  baum-pot,"  as  the  calcareous  nodules 
are  locally  termed,  obtained  from  the  Lower  Coal> measures.  This 
specimen  was  found  at  the  Swan  Bank  Pit  at  Halifax,  and,  so  far  as 
1  know,  is  the  only  one  which  has  been  discovered,  llie  surface 
exposed  by  splitting  the  nodule  is  0*295  m.  diameter,  and  the  part 
ot  the  fish  preserved  extends  across  it;  it  consists  of  the  caudal 
portion  of  a  large  individual,  which,  had  it  been  perfectly  preserved, 
would  have  been  between  four  and  five  feet  in  length.  The  vertebral 
axis  extended  in  a  straight  line  across  the  surface :  its  constituent 
parts  are  not  preserved,  but  the  distance  between  the  neural  and 
Leemal  spines  indicates  a  vertebral  column  of  considerable  size  and 
power.  Attached  to  the  vertebral  column  are  about  thirty  rays 
above,  and  a  similar  number  below,  which  will  probably  indicate 
the  same  number  of  vertebral  segments.     The  first  caudal  fin  is 
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supported  by  neural  and  hsemal  spines,  interspinons  bones,  and 
fin-rays.  The  spines  at  a  distance  of  0-160  m.  from  the  extremity 
of  the  anterior  fin  have  a  length  of  0*050  m. ;  further  back  they 
decrease  in  length,  and  extend  at  a  more  acute  angle  with  the  axis 
of  the  body.  The  proximal  end  of  each  spine  is  bifurcated  and 
broadly  expanded  for  attachment  to  the  cartilaginous  column ;  the 
distal  extremity  is  clavate  with  a  flattened  extremity.  The  proximal 
extremities  of  the  interspinons  bones  are  similarly  clavate,  and  the 
flattened  ends  of  each  were  joined  together  by  a  cartilaginous  envelope. 
The  interspinons  bones  apparently  thin  out  to  a  point  in  the  opposite 
direction,  and  the  method  of  their  attachment  to  the  rays  is  not  very 
clear.  The  rays  do  not  afford  any  evidence  of  the  bifurcated 
extremity  embracing  tlie  interspinons  bones,  described  by  Agassiz 
as  pertaining  to  C,  granulosus,  but  appear  rather  to  form  a  sort  of 
splice  with  it  The  fin-rays  are  articulated,  and  repeatedly  bifurcate ; 
their  distal  extremities  are  fine  and  slender.  The  posterior  part  of 
the  tail,  as  represented  in  this  specimen,  somewhat  disturbed  and 
imperfect,  indicates  a  breadth  of  0*160  m.  The  second  expansion 
of  the  caudal  fin  is  not  represented.  A  number  of  neural  and 
haemal  rays  occupy  the  space  between  the  origin  of  those  supporting 
the  tail  and  the  margin  of  the  baum-pot ;  they  are  long  and  slender 
and  deeply  bifurcated  for  attachment  to  the  vertebral  axis  ;  and  the 
rays  are  hollow,  but  to  a  less  extent  than  those  of  Caelaeanthus 
TingleyensiSf  Davis,^  which,  however,  are  thicker  in  comparison  to 
their  length  than  are  these.  Agassiz  remarks  that  the  caudal  fin  is 
rounder  than  in  Coelacanthus  granulosus,  Agass. ; '  but  it  is  more 
than  probable  that  the  round  appearance  of  this  specimen  is  due  to 
its  imperfect  preservation. 

A  large  number  of  scales  are  preserved ;  those  on  the  anterior 
part  are  0*100  m.  in  diameter,  more  or  less  circular  behind,  and 
ornamented  with  raised  lines  of  enamel  where  the  external  surface 
is  exposed.  Most  of  the  scales,  however,  are  seen  from  the  under 
side,  as  the  result  of  the  manner  in  which  the  nodule  has  split,  and 
these  exhibit  a  series  of  concentric  lines  parallel  with  their  posterior 
border.  Amongst  the  scales  are  two  or  three  dissociated  plates 
0*30  m.  across,  which  are  exposed  on  the  under  side,  and  covered 
with  concentric  lines  similarly  to  the  smaller  scales.  The  extension 
of  the  vertebral  axis  posteriorly  between  and  beyond  the  lobes  of 
the  caudal  fin  is  enveloped  in  smaller  scales  similar  to  those  further 
forward,  but  only  about  half  the  size.  There  is  no  trace  of  other 
fins  than  the  caudal. 

Otto  M.  Reis,  in  a  recently  published  memoir  on  "  Die  Coelacan- 
thinen," '  has  separated  from  the  genus  Ccelacanihus  all  those  species 
with  striated  scales  which  occur  in  the  Coal-measures ;  retaining 
those  from  the  Permian  formations,  with  Coelacanthus  granulosus 
(non  granulatus),  Agass.,  and  C.  Hassia,  Miinst.,  as  types,  and 
with  them  C,  caudalts.  Eg.,  and  (7.  elongatus,  Huxley.  The  species 
excluded,  viz.  C,  lepturus,  Ag.,  C,  elegans,  Newb.,  C.  ornatus,  Newb., 

»  Trans.  Linn.  Soc.  vol.  il  p.  427.  *  Poias,  foss.  toI.  ii.  p.  172,  pi.  xlii. 

*  Palffiontographica,  toL  xxxt.  1888. 
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C,  robustits,  Newb.,  0.  Phillipsiit  Ag.,  C.  Huxleyiif  Traq.,  and  C. 
Ungleyensis,  Davis,  are  traDsferred  to  a  new  genus,  Bhabdoderma. 
After  a  oarefal  ooinparison  of  the  species  now  described  with  the 
typical  C.  granulosus  figured  by  Agassiz,  there  does  not  appear  any 
generic  difference  in  them  to  warrant  such  a  separation. 

The  Halifax  Hard-bed  Goal  rests  on  the  Oanister  rock  and  Seat 
earth  used  for  making  fire-bricks ;  it  is  an  impure  Coal  containing 
iron  in  the  form  of  pyrites,  and  not  unfrequently  nodules  of  the 
same  substance.     Rounded  concretions  containing  carbonate  of  lime 
are  also  found   in  the  Goal.     Both  contain  vegetable  remains  in  a 
beautiful . state  of  preservation;  when  cut  for  microscopical  exami- 
nation, minute  details  of  structure  are  exhibited  with  marvellous 
fidelity.     Immediately  above  the   Hard-bed  Coal  is  a  stratum  of 
laminated  ehale,  which  is  in  some  localities  almost  entirely  com- 
posed  of    the   fossil   shells  of  marine  genera,   including  a  large 
proportion  of  Aviculopecten.     The  bed  is  about  four  inches  in  thick- 
ness ;  above,  it  is  succeeded  by  a  bed  of  shale  four  to  six  feet  thick, 
containing  a  considerable  number  of  nodular  concretions,  composed 
of  carbonate  of  lime,  with  an  outer  covering  of  iron  pyrites.     These 
when  broken  are  found   to  contain   great  numbers  of  remains  of 
mollusca  of   the   marine   genera    Gontatites,   Nautilus,   Bellerophon, 
Orthoceras,  Nucida,  Aviculopecterij  and  others  less  common.     Fossil 
fish  remains  are  also  found  associated,  and  it  is  in  one  of  these  balls 
that  the  example  of   Ccelacanthus  Fhillipsii  was  found.      Scattered 
over  the  surface  of  the  nodule  are  shells  of  Ooniatites.     From  its 
association  with  these  marine  mollusca  there  appears  to  be  no  doubt 
\hai  Ccelacanthus  exiBied  in  salt-water  during  the  formation  of  the 
Lowest  Coal-measures.      This  is  interesting   for  comparison   with 
C  TingleyensiSf  Davis,  found  in  the  Cannel  Coal  at  Tingley,  which  is 
in  the  Middle  Coal-measures.     The  Cannel  Coal  was  deposited  in  a 
Beries  of  lake-like  lagoons,  the  bottom  of  which  were  filled  with 
fresh- water   bivalves   of  the  genus   Arithracosia,     The  remains   of 
CoBlacanthus  occur  in  great  abundance,  and  it  lived  at  this  time  in 
fresh- water.     The  specimen  of  C,  granulosus,  Agass.,  was  obtained 
from  the  Magnesian  Limestone  of  East  Thickley,  in  Durham,  which 
is  of  marine  origin. 


V. — On  thk  Schists  of  the  Lizard  District. 

Bj  Alexandek  Sombryail,  Esq. 

Introduction, 

THIS  paper  is  intended  as  preliminary  to  one  shortly  to  follow  on 
the  nature  and  origin  of  the  banded  structure  in  these  rocks. 
I  have  deemed  it  necessary  to  treat  of  the  present  subject  as 
introductory  to  the  other,  giving  my  own  views  as  to  what  I  believe 
to  be  the  true  origin  and  relations  of  these  rocks  to  each  other,  as 
these  seemed  to  me  to  have  a  very  direct  and  important  bearing  on 
the  question  of  their  banded  structures. 

Under  the  term  schists  used  in  the  title  I  include  all  the  rocks 
composing  the  "  granulitic,"  "  hornblendic  "  and  "  talco-micaceous  " 
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groaps  of  Prof.  Bonney,  F.R.S.,  and  Sir  H.  De  la  Beohe.  Altbongh 
separated  into  this  triple  division,  I  quite  agree  with  the  Professor 
that  these  **  form  but  one  series."  I  cannot,  however,  regard  them 
as  forming  a  strictly  ascending  or  descending  series  in  the  order 
enumerated  ;  neither  am  I  certain  that  one  of  the  groups,  the  **  talco- 
micaceous,"  can  any  longer  be  regarded  as  a  Beparate  and  independent 
group  in  itself  for  reasons  to  follow. 

I  shall  briefly  notice  the  leading  petrological  characters  of  each 
group  of  rocks,  referring  the  reader  to  the  elaborate  descriptions  of 
Prof.  Bonney  ^  and  Mr.  J.  J.  H.  Teall,*  M.A.,  F.G.S.,  for  minute 
information. 

I.  The  GbaiJulitio  Gkotjp. 

Tliis  group  was  founded  by  Prof.  Bonney  to  receive  certain  rocks 
held  by  him  to  form  the  uppermost  of  the  three  series,  and  composed 
"  of  greyish  granitoid  rocks,  composed  mainly  of  quartz  and  feUpar, 
sometimes  almost  a  quartzite,  sometimes  almost  simulating  a  vein- 
granite,  associated  with  more  homblendic,  chloritic,  earthy  and 
micaceous  layers." 

These  "  granulitic  "  rocks  throughout  the  entire  extent  of  the  area 
certainly  form  a  very  large  variety,  ranging  from  a  rock  scarcely 
discernible  from  an  ordinary  granite,  to  dark  compact  diorites,  the 
latter  frequently  highly  porphyritic.  There  are  also  quartzo-felspathic 
varieties  in  which  one  or  other  mineral  predominates,  sometimes 
with  the  addition  of  hornblende  in  variable  quantities.  Other 
varieties  consist  simply  of  pure  felspar,  or  nearly  so,  from  a  granular, 
to  a  fine  homogeneous  texture.  These  might  be  classified  under 
granites,  granulites,  tonalites,  quartz- diorites,  and  diorites.  Nearly 
all  of  these  varieties  occur  in  more  or  less  extensive  or  isolated 
masses,  and  frequently  pass  by  transition .  into  each  other.  They 
also  occur  in  many  areas  of  the  district  interbanded  tx)gether,  aptly 
described  by  Mr.  Teall  as  the  "  crystalline  banded  series." 

II.  The  Hornblendio  Group. 

These  rocks  for  the  most  part  consist  of  dark  hornblende  schists 
and  more  compact  varieties  of  rock  resembling  diorites  with  a  com- 
plete transition  between  both.  A  porphyritic  structure  more  or  less 
abounds  in  certain  areas  throughout  both  the  rocks  and  schists.  In 
the  latter,  as  would  be  interred,  this  structure  frequently  exhibits 
thiB  effects  of  crushing. 

Besides  these  normal  homblendic  rocks,  which  form  the  bulk  of 
this  group,  there  are,  however,  many  other  varieties  associated  with 
them,  such  as  mica-schists,  felsi tic- like-rock,  quartzose  and  quartzo- 
felspathic  varieties  approabhing  the  granulitic  type.  Although  these 
are  certainly  very  subordinate,  yet  they  must  he  taken  into  account 
in  dealing  with  the  origin  and  relations  of  these  rocks  as  a  whole. 

Mr.  Howard  Fox,  F.G.S.,  was,  I  believe,  the  first  to  discover 
mica-schists  (resembling  those  at  Polpeor  Cove)  in  the  very  heart 
of  the  hornblende  area  at  Pen  Olver,  Trecrobin  and  Polledan. 
These    mica-schists,   which    have    been    carefully    measured    and 

^  Q.  J.G.S.  Tol.  xxadii.  p.  884  ;  vol.  xxxiz.  p.  1.  *  British  Petrology. 
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mapped  by  bim,  are  in  beds  of  consideiuble  thickness,  and  occur  on 
Beveral  borizons  in  the  hornblende-schists. 

Tbere  is  also  the  felsitic-like-rock  at  Housel  Cove,^  described  by 
myself  as  an  altered  hornblende-schist,  bat  which,  I  meant  to  have 
added,  might  have  been  the  original  rock  in  a  more  or  less  altered 
form,  out  of  which  the  hornblende-schist  had  been  made. 

Still  further,  among  the  dark  hornblendes  of  Pradnack  we  find 
qaartzose  and  quartzo-felspathic  varieties,  and  even  a  rock  approach- 
ing the  granulitic  type  south  of  the  serpentine  junction  near  Rynian. 
There  are  also  small  bands  of  felspar  and  quartzo-felspathic  matter  in 
the  hornblende-schist  at  the  landing-place  in  Landewednack  Church 
Cove,  which,  however  limited  in  extent  and  thickness,  have  yet  their 
own  bearing. 

All  these  rocks  are  more  or  less  connected  by  a  passage  into 
each  other,  and  the  whole  in  turn  pass  into  the  rocks  of  the 
"  granulitic  "  group,  from  which  they  cannot  be  separated. 

III.  Taloo-Mioaoeous  Group. 

This  groap  of  rocks  was  originally  described  by  Mr.  Majendie,' 
Dr.  Boase'  and  De  la  Beche,*  and  is  principally  confined  to  the 
extreme  south-west  coast  between  Polpeor  Cove  and  Caerthillian  ; 
a  line  between  these  two  localities  drawn  inland  being  represented 
on  the  Survey  Map  as  the  boundary  separating  this  group  from  the 
horn  blend  ic. 

With  the  addition  of  the  outlying  rocks  described  by  Messrs. 
Teall  and  Fox,*  which  are  certainly  connected  with  those  of  the 
mainland,  this  group  seems  to  me  to  be  nothing  more  than  the 
mere  altered  states  of  the  two  former  groups,  the  **  granulitic  "  and 
*'  homblendic."  The  rocks  which  compose  it,  in  their  less  altered 
conditions  are  essentially  on  the  one  side  those  of  the  quartzo- 
felspathic  or  "granulitic"  type,  and  on  the  other,  those  of  the 
"  hornblendic."  It  is  quite  true  that  tbere  are  rocks  differing 
widely  from  both,  such  as  the  mica-schists,  mica-diorites,  actinolitic- 
schists,  chlorite- schiHts,  etc.;  but  if  these  can  be  shown  to  be  but  an 
altered  form  of  the  "  hornblende  "  group — as  I  think  it  can — it  will 
simplify  very  much  the  geology  of  this  complicated  area. 

Again,  all  the  above-mentioned  rocks,  along  with  intermingled 
masses  of  less  altered  hornblende,  are  seen  to  shade  into  each  other 
in  the  most  perfect  manner,  almost  in  every  locality  in  this  area 
a  passage  being  noted  from  one  to  another.  There  is  sometimes  a 
transition  from  the  compact  hornblende  to  the  greenish  schist,  as 
seen  near,  or  between  Pentreath  Beach  and  Caerthillian,  other 
examples  extending  as  far  as  Polpeor  Cove ;  passages  from  the 
hornblende  into  chlorite-schist  as  at  the  Crane,  from  the  former 
rock  into  actinolitic-schist  at  the  Lizard  Head,  and  into  mica-dioritic, 
and  this  into  mica-schist,  at  the  same  and  many  other  localities. 

'  Geol.  Mao.  Decade  III.  Vol.  VI.  p.  114  (1889)'. 
2  Trans.  Geol.  Soc.  of  Cornwall,  vol.  i.  p.  34  (1818). 
8  'Irans.  Geol.  Soc.  of  Cornwall,  vol.  iv.  p.  341  (1832). 

*  Report  Com.  Devon,  etc.  p.  29  (1839). 

*  Quart.  Journ.  Geol.  Soc.  vol.  xliv.  p.  309. 
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There  are  also  as  good  evidences  to  show  that  these  rocks— if 
they  do  not  pass  directly  into — form  part  and  parcel  with  those  at 
the  base  of  the  Lizard  Head,  and  the  outlying  rocks,  which  may 
well  be  claimed  as  granulitic,  the  whole  having  in  my  opinion  a 
common  age  and  origin,  although  differing  widely  in  their  litho- 
logical  aspects.  A  transition,  however,  can  be  noted  between  the 
greenish  or  actinolitic-schist  and  the  hornblende,  and  homblendic, 
and  granulitic  gneissic  rocks  of  the  reefs.  Many  such  like  transi- 
tions have  been  noted  and  described  by  Messrs.  Teall  and  Fox  in 
their  joint  paper  already  referred  to. 

To  my  mind  it  seems  quite  clear  that  these  *' talco-micaceous " 
rocks  have  no  separate  existence  apart  by  themselves,  but  are  for  the 
most  part  formed  out  of  the  "  hornblende"  series,  by  severe  mechan- 
ical pressure  and  accompanying  chemical  change.  Mr.  Teall  *  has 
most  correctly  described  this  very  area  as  a  zone  of  intense  dynamic 
metamoi-phism,  and  I  think  it  is  almost  impossible  for  any  observer 
not  to  note  the  fact,  that  here,  more  than  in  any  other  portion  of  the 
district,  the  original  structure,  texture  and  mineral  constituents  of 
these  rocks  have  been  wholly  changed  and  replaced  by  secondary 
products  to  a  very  high  degree. 

The  argument  of  their  distinctness  as  a  group  drawn  from  their 
infra-position  to  the  "  honiblendic "  and  "  granulitic "  rocks,*  is,  I 
think,  quite  fallacious,  as  this  is  based  on  their  treatment  as  a  strati- 
fied series  of  deposits  having  an  ascending  rise  from  south-west 
to  north-east,  which  however  is  only  a  system  of  divisional  and 
cleavage  planes,  from  which  neither  the  true  thickness,  nor  yet  the 
true  positions  of  the  several  masses  of  rock  can  be  correctly  estimated. 

Provisionally,  then,  we  shall  take  for  granted  the  non-existence  of 
the  talco-micaceous  group,  regarding  it  meanwhile  as  but  altered 
portions  of  the  two  former,  which,  right  or  wrong,  will  not  how- 
ever materially  affect  the  points  at  issue  in  this  paper. 

lY.  Obigin  of  the  Gbanulitig  and  Hornblende  Groups. 

As  to  the  correct  nature  and  origin  of  the  rocks  making  up  these 
two  groups,  there  is  considerable  diversity  of  opinion. 

Prof.  Bonney'  in  his  subsequent  and  modified  views  is  still 
inclined  to  regard  considerable  portions  of  the  rocks  in  each  group 
as  of  sedimentary  origin. 

Mr.  Teall  inclines  to  similar  opinions,  but  seems  tp  restrict  those 
rocks  which  he  believes  to  be  of  sedimentary  origin  to  a  much 
smaller  compass  than  is  done  by  the  former  observer. 

General  McMahon,*  F.G.S.,  in  his  recent  able  contribution  to  this 
subject,  expresses  the  opinion  that  a  certain  portiqp,  or  portions  of 
each  group  is  made  up  of  volcanic  ashes  and  lavas. 

If  I  may  here  venture  an  opinion  of  my  own  as  to  the  exact  mode 
of  origin  of  these  rocks,  it  is  that  there  are  no  true  toffs  or  lavas, 
but  that  the  whole  are  essentially  rocks  of  plutonic  origin.     This 

^  Notes  on  the  Lizard,  from  the  Long  Excursion  of  the  Geologists*  Assoc,  for  1887. 

'  Quart.  Jonm.  Geol.  Soc.  toL  ixiix.  p.  5. 

*  Q.J.G.S.  Tol.  xlv.  p.  643.  *  Q. J.G.S.  toI  xIt.  p.  619. 
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opinion  is  entirely  based  on  field  observations,  and  on  the  macro- 
soopic  aspects  of  the  rooks,  and  also  on  the  absence  of  any  positive 
proof  as  yet  furnished  by  the  microscopists  to  lead  to  an  opposite 
conclusion. 

Y.  Bblations  between  the  two  Oboups. 

There  is.  also  considerable  diversity  of  opinion  prevailing  with 
regard  to  the  relations  between  both  groups,  and  the  rocks  which 
compose  each,  especially  the  rocks  making  up  the  '*  granulitic." 

General  McMahon  in  his  paper  referred  to  speaks  of  the  ''  granu- 
litic  "  group  as  containing  many  intrusive  rocks,  injected  at  different 
times,  sucb  as  ordinary  diorites,  also  a  later  porphyritic  diorite,  and 
Btill  later  veins  of  granite  which  traverse  the  whole. 

It  seems  to  ine  that  if  we  were  to  eliminate  both  from  the  "  horn- 
blende "  and  "  granulitic  "  groups  these  injected  diorites  and  granite 
veins,  we  would  almost,  if  not  altogether,  remove  the  whole  of  the 
rocks  composing  them.  The  porphyritic  structure  even  in  the  horn- 
blende group  is  much  more  common  than  was  suspected,  and  I  think 
it  is  by  no  means  certain  that  there  is  any  distinction  in  points  of 
origin  and  age  between  the  poi*phyritio  and  non- porphyritic  varieties, 
even  in  both  of  the  groups.  Neither  do  I  think  it  certain  that  the 
80-called  granite  vein  portion  of  the  "granulitic"  group,  such  as 
we  see  at  Kennack  and  elsewhere,  has  had  a  distinct  and  separate 
origin  from  the  diorites. 

Mention  of  the  fact  has  already  been  made  that  the  rocks  making 
up  the  **  hornblende  "  and  "  granulitic  "  groups  vary  from  a  diorite 
to  one  of  granitic  type,  but  between  these  two  extremes  there  are 
however  other  rocks  of  an  intermediate  nature  forming  what  I 
regard  as  a  transition  between  both  of  these  extremes,  and  associated 
with  them  in  such  a  way  as  to  bind  them  together  into  one  natural 
group,  having  a  common  age  and  origin. 

There  are  certainly  areas,  such  as  the  foreshore  of  Kennack  Cove, 
which  might  be  selected  as  proof  of  the  intrusion  of  the  granite- 
like rock  into  the  diorite;  but,  even  here,  it  can  equally  well  be 
read  in  the  reverse  way,  so  oonfusedly  mingled  together  are  these 
two  varieties  of  rocks,  and  so  often  do  they  alternate  with  each 
other.  As  soon  however  as  we  leave  the  foreshore  for  the  cliff  of 
serpentine,  we  find  both  of  these  rocks  combined  together  in  varying 
proportions  thrust  through  it.  Not  only  is  this  so  in  several  of  the 
dykes  in  the  Kennack  area,  but  in  many  dykes  throughout  the 
whole  of  the  Lizard  district.  In  the  dykes  these  rocks  are  so 
mixed  up  and  banded  together  that  some  other  explanation  than 
their  separate  intrusions  must  be  sought  for.  In  my  opinion  this 
explanation  is  found  in  the  separation  of  the  basic  and  acidic 
portions  of  the  magma  while  in  the  act  of  cooling,  as  pointed  out  in 
my  short  paper  on  the  North  Pentreath  dyke  ;  *  or  it  may  be  the 
case  that,  during  the  eruption  of  these  rocks,  acidic  and  basic 
magmas  were  being  simultaneously  belched  forth  together,  pre- 
sening  a  partial  separation;  but,  as  we  shall  presently  see,  there 

»  Geol.  Mao.  Decade  III.  Vol.  V.  p.  663  (1888). 
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seems  good  reason  for  supposing  that  the  one  magma  may  have 
contained  within  itself  the  elements  of  the  whole,  which  hecame 
ultimately  more  or  less  differentiated. 

In  many  instances,  as  at  West  Eennack  Gove,  the  highly  interest- 
ing and  instructive  Eildown  Cove,  and  other  localities,  there  are 
rocks  quite  intermediate  in  character  and  composition  between  the 
granitic  and  dioritio  types.  These  rocks  are  in  close  juxtaposition 
to  both  granite  and  diorite,  and  decidedly  form  a  portion  of  them, 
the  whole  rising  together  through  the  adjoining  serpentine.  These 
intermediate  rocks  frequently  form  great  homogeneous  masses  with- 
out any  intermingling  of  other  varieties,  or  without  any  banded 
structure  whatever.  They  are  only  semi-granitic  or  granular  in 
texture,  and  in  composition  contain  hornblende,  quartz,  felspar,  and 
perhaps  a  little  mica;  yet  they  are  neither  granites  nor  diorites 
proper :  still,  from  this  stage,  we  can  trace  them  into  both,  also  into 
varieties  with  a  well-defined  banded  structure,  in  which  sometimes 
the  granitic  and  sometimes  the  dioritic  constituents  predominate. 

Such  intermediate  varieties  of  rock  are  frequently  found  both  on 
the  coast  and  in  inland  directions  rising  through  the  serpentine. 
A  dyke  of  this  description,  cutting  through  the  serpentine,  occurs 
at  Trelease  Moor,  from  which  might  be  collected  several  distinct 
varieties  of  rock,  ranging  between  the  granitic  and  dioritic  types. 
On  the  coast,  as  immediately  east  of  the  Yellow  Cam  and  at  many 
other  localities,  there  are  groups  of  dykes  close  together  penetrating 
the  serpentine,  which  I  believe  to  be  all  related,  which  likewise 
vary  from  the  dark  compact  dioritic  type  to  the  "  granulitio "  or 
granitic  variety. 

At  Kildown  Cove,  near  the  centre  of  the  "  granulitio "  mass 
which  there  appears  to  me  to  cut  the  serpentine,  is  a  rudely  circular 
and  concretionary- like  nodule,  made  up  of  concentric  layers  of 
alternating  "  granulitic  "  and  dioritio  rock,  with  a  central  nucleus 
of  granitic  material,  in  which  are  also  patches  of  hornblende,  llie 
teaching  of  this  singular  and  instructive  complex  nodular  mass 
appears  to  me  not  only  to  have  a  very  decided  and  direct  bearing, 
not  only  on  the  origin  and  relations  of  these  **  granulitic "  and 
**  hornblendic "  rocks,  but  also  on  the  origin  of  these  banded 
structures. 

The  important  question  now  arises,  are  these  "granulitio"  or 
granitic  and  dioritio  dykes  portions  of  the  gr^at  masses  representing 
these  two  groups?  My  own  observations  incline  me  to  reply  that 
they  are,  for  the  following  reasons  : — 

Ist.  The  similarity,  if  not  the  exact  identity,  between  the  rocks 
composing  the  dykes  and  those  forming  the  two  groups  proper. 

2nd.  The  apparent  connexion  between  the  dykes  and  large  masses 
of  admitted  granulitic  and  hornblendic  rocks  which  seem  to  be  their 
feeders. 

3rd.  The  entire  absence  of  these,  or  similar  true  eruptive  *  dykes, 
cutting  the  massive  portions  of  either  of  the  two  groups,'  which  wo 

*  The  dykes  in  the  outer  rocks  off  the  Lizard  Head  seem  to  zne  to  be  segregation 
dykes.  >  Attention  to  this  has  heen  drawn  by  Mr.  Tesll. 


^.  Somervail — Schists  of  the  Lizard  District.  167 

might  reasonably  have  expected  to  find,  had  the  dykes  been  a 
separate  and  later  product 

When  we  come  to  examine  these  "  granulitic  "  and  "  homblendic" 
rocks  in  their  massive  conditions  and  relations,  and  not  confined  to 
mere  dykes  or  small  exposures,  then  we  have  more  li<;ht  thrown 
upon  them.  We  find  them  both  in  isolated  and  associated  masses 
of  great  extent,  and  if  we  were  able  to  trace  them  fully  out  in  a 
seaward  direction,  they  would  seem  to  completely  encircle  the 
entire  area  of  the  serpentine  and  gabbro. 

The  •*  granulitic  "  portion  can  now  no  longer  be  regarded  as  con- 
fined to  the  east  coast,  as  stated  by  Prof.  Bonney,  but  is  more  or 
less  extensive  with  nearly  every  portion  of  the  entire  coast-line.  It 
forms  the  rocks  all  round  the  base  of  the  Lizard  Head.^  It  occurs 
at  North  Caerthillian,  Holes  trow,  in  great  force  at  and  near  George's 
Cove,  and  also  sparingly  so  at  other  localities. 

The  great  extent  of  the  dark  hornblende  schists  exposed  on  the 
south  coast  is  clearly  connected  with  the  '' granulitic "  at  either 
extremity,  and  also  to  a  small  extent  on  the  south  where  the  schists 
approach  the  serpentine.  We  find  a  connection  between  the  dark 
hornblende-schists  and  the  typical  *' granulitic"  on  the  east  at  a 
little  cove  south  of  the  Lower  Balk  Serpentine  Quarry,  where  we 
are  able  to  trace  the  transition  between  both.  On  the  west  we  are 
able  to  trace  the  same  relations  at  Caerthillian,  and  at  George's 
Cove  the  dark  hornblende-schists  or  rocks  are  distinctly  traceable  by 
a  gradual  trausition  into  the  typical  "granulitic,"  which  occurs  there 
in  cfmsiderable  force.  On  the  east  coast,  as  at  Carnbarrow  and 
Cadgwith,  the  typical  hornblende- schists  may  be  seen  passing  into 
the  "granulitic"  rocks,  an  excellent  example  being  the  fine  section 
on  the  portion  of  the  cliflf  between  the  Frying-pan  and  Cadgwith, 
which  here  clearly  shows  the  very  gradual  transition  of  the  one 
group  into  the  other. 

Altogether  I  think  that  the  gist  of  the  whole  evidence  is  clearly 
to  prove  that  both  groups  have  had  a  common  origin,  and  that  the 
granulitic  or  granitic  portion  is  not  intrusive  in  the  dioritic,  or  vice 
tersa,  but  that  both  are  part  and  parcel  of  the  same  magma.  Sub- 
fiequently  these  rocks  may,  and  indeed  have  been  deformed,  and 
crushed  up  together,  as  at  the  Lizard  Head,  and  other  localities,  but 
even  here,  with  all  the  intricate  confusion  and  alterations  in  their 
mineral  aspects  arising  from  this  crushing  and  deforming  process, 
the  relations  existing  between  these  rocks  show  I  think  no  indica- 
tions of  intrusion. 

General  McMahon '  in  his  paper  has  certainly  called  attention  to 
one  instance  of  intrusion  into  the  granulitic.  Ue  says,  p.  533, 
''One  of  the  intrusive  diorites  is  well  seen  at  Polbarrow,  where 
abroad  dyke  of  it  cuts  right  across  the  *  granulitic'  group  between 
the  ruined  boat-house  and  the  cliflf.  Down  below  veins  of  it  may 
seen  intruding  into  the  granulitic." 

^  These  rocks  appear  to  me  to  have  a  decided  claim  to  be  ranked  as  portions  of  the 
"granulitic"  group. 
'  Uoart.  Jonm.  Geol.  Soc.  voL  xlr. 
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This  statement  I  must  oonfess  is  rather  fatal  to  my  own  views ; 
but  before  forming  a  final  opinion,  I  should  like  again  to  revisit  this 
locality,  as  I  cannot  but  think  that  the  Qeneral  may  possibly  have 
mis-read  the  section. 

There  is  another  example  of  the  intrusion  of  a  porphyritio  diabase 
in  the  taloo-micaoeous  group  at  Polpeor,  first  noted  by  Prof.  Bonney,* 
and  also  referred  to  by  General  McMahon,'  as  follows :  "  The 
eruptive  character  of  this  rock  is  undoubted.  At  low- water  during 
spring-tides,  the  reefs  outside  the  island  at  Polpeor  are  exposed  for 
about  a  mile  from  the  shore.  The  porphyritio  diorite  may  be  seen 
in  these  reefs  cutting  right  across  the  strike  of  the  gneiss.  Nearer 
land  it  is  an  intruder  in  the  green  schists,  generally  following  their 
bedding,  but  constantly  shifting  from  one  horizon  to  another; 
whilst  in  the  clifis  of  the  mainland  it  frequently  shows  itself  at  a 
still  higher  horizon  among  the  micaceous  and  homblendic- schists.*' 

Prof.  Bonney  has  certainly  described  this  porphyritio  diabase,  or 
diorite  as  a  true  intrusive  dyke,  and  the  above  quotation  lends  it  all 
necessary  support  When  it  was  first  pointed  out  to  me  by  Mr. 
Howard  Fox,  I  could  not  then  and  cannot  yet  separate  it  from  the 
other  homblendic  rocks  or  schists  exposed  there,  as  it  seemed  to 
me  to  form  only  a  portion  of  these,  but  in  a  much  less  crushed 
condition.  I  afterwards  had  the  pleasure  of  finding  that  Mr.  Teall 
had  previously  expressed  the  same  views  in  his  notes  for  the  **  long 
excursion  "  of  the  Geologists'  Association  for  1887. 

The  relations  as  to  the  upper  and  lower  position  of  these  two 
groups  is,  I  think,  rather  a  difficult  question.  Prof.  Bonney,  who 
dealt  with  this  matter  on  stratigraphical  grounds,  referred  the 
"  granulitio  "  to  the  uppermost  position  ;  but  there  seem  to  me  good 
reasons  for  nearly  reversing  this  conclusion,  or  at  least  modifying 
it  to  a  considerable  extent.  There  is  the  actual  evidence  of  rocks 
with  as  good  a  claim  as  any  to  be  regarded  as  ''  grannlitic,"  holding 
the  infra- position,  which  may  be  seen  by  boat  in  sailing  round  the 
Lizard  Head,  where  this  group  is  found  supporting  the  hornblende- 
schists.  This  infra-position,  however,  I  believe  to  be  somewhat 
irregular,  and  to  be  regulated  by  certain  circumstances,  although  on 
the  whole  I  am  inclined  to  regard  the  hornblende  as  the  upper  and 
outer  margins  of  the  same  magma  out  of  which  both  have  been 
formed. 

VI.  Concluding  Eehar^s. 

I  cannot  conclude  this  paper  without  remarking  that  none  of  the 
views  therein  are  held  dogmatically,  and  expressing  the  hope  that 
former  observers  will  renew  their  attention,  and  fresh  ones  take  up 
the  investigation  of  this  complicated,  yet  interesting  area.  The 
difficulties  are  great,  among  which  is  the  origin  of  the  banded 
structure,  in  the  rocks  herein  dealt  with,  which  in  my  next  paper 
I  shall  try  to  explain  on  the  grounds  of  segregation,  arising  from,  or 
taking  place  during  the  cooling  of  the  common  magma  out  of  which 
all  these  rooks  seem  to  me  to  have  been  formed. 

^  Quart.  Journ.  Geol.  Soc.  toI.  xxxix.  p.  4. 
'  Qmirt  Journ.  Geol.  Soo.  toI.  xIt.  p.  634. 
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I. — New  Species  op  Fossil  Sponges  from  the  Siluro-Cambrian 
AT  Little  Metis  on  the  Lower  St.  Lawrence.  By  Sir  J. 
William  Dawson,  LL.D.,  F.R.S.  (Including  Notes  on  the 
Specimens  by  Dr.  O.  J.  Hinde.)  Transactions  of  the  Royal 
Society  of  Canada,  vol.  vii.  section  iv.  1889,  pp.  31-55,  pi.  iiu 
and  27  figs. 

TN  some  black  shales,  belonging  to  the  Quebec  Group  of  Logan, 
exposed  on  the  shores  of  the  Lower  St  Lawrence,  Sir  W. 
Dawson  discovered  some  thin  bands,  largely  filled  with  sponge- 
remains.  In  some  instances  the  general  form  and  outlines  of  the 
sponges  have  been  preserved  in  a  compressed  condition,  but  more 
often  the  thin  beds  consist  of  a  mass  of  spicules  in*egularly  com- 
mingled together.  In  all  cases  the  original  siliceous  structure  of 
the  spicules  has  disappeared,  and  they  are  now  composed  of  pyrites. 
The  sponges  appear  to  belong  almost  exclusively  to  the  Hexac- 
tinellidse ;  the  genus  Prolospongia  is  represented  by  six  new  species, 
Oi/aihospangta  (Cyathophycus),  Walcott,  by  one  species,  and  Hyalo- 
tielta  one  speciei?.  A  new  genus,  Acanthodictyay  is  proposed  for 
cylindrical  sponges  with  a  dense  fringe  of  spicular  rays  on  the 
exterior,  and  some  small  oval  sponges,  in  part  at  least  apparently 
composed  of  simple  acerate  spicules,  are  placed  in  the  new  genus 
La$iothrix,  The  specimens  of  Prolospongia  are  more  complete  and 
better  preserved  than  any  hitherto  known,  and  they  are  furnished 
with  anchoring  spicules,  a  structural  feature  not  previously  recognized 
in  this  genus.  In  one  species,  P.  teiranema,  the  number  of  the 
anchoring  rods  is  limited  to  four,  and  the  author  thinks  they  con- 
sisted of  a  single  cruciform  spicule  of  which  the  rays  were  bent 
upward  and  lengthened,  forming  a  stalk  for  the  sponge.  It  may  be, 
however,  that  the  rods  are  simple,  and  that  the  apparent  union  at 
their  distal  ends  is  not  original,  but  produced  in  the  fossilization. 
In  another  species,  P.  coronata,  there  is  a  distinct  collar  of  curved 
spicules  surrounding  the  cloacal  aperture.  Judging  by  the  characters 
of  the  detached  spicules  many  other  additional  species  were  probably 
present  in  these  sponge-beds. 

The  only  other  recognizable  fossils  found  in  connection  with  these 
sponges  are  a  small  Brachiopod  referred  to  Obolella  (Ltnnarssonia) 
pretiosa,  Billingrs,  and  some  slender  plant  (?)  remains  which  are 
named  Buthotrephis  pergractlis.  The  exact  horizon  of  the  black 
shales  is  not  precisely  determined,  but  Sir  W.  Dawson  regards  them 
as  probably  near  the  base  of  the  Levis  division,  or  equivalent  to  the 
English  Arenig. 

IL — Thobacosaurus  macrorhyschus,  Bl.,  aus  derTuffkreide  von 
Maastricht.  By  Ernest  Koken.  Zeitschr.  deutsch.  geol.  GeselL, 
1888  (1889),  pp.  764-773,  pi.  xxxii. 

A  FINE  Crocodilian  cranium,  evidently  from  the  Maastricht  Beds, 
now  preserved  in  the  Leiden  Museum,  forms  the  subject  of 
this  memoir.     A  detailed   description  and  compansoii  ]^to\^^  >i^^ 
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fossil  to  be  specifioally  identical  with  tbe  00-calIed  OavialU  maero- 
rhynchus,  made  known  by  G^rvais  from  the  Upper  Cretaoeous  of 
Mt.  Aim6;  and  Dr.  Eoken  further  agrees  with  Dr.  Leidy  in 
referring  this  European  type  to  the  genus  Tkoraeoiawrus,  which 
was  originally  founded  upon  a  cranium  from  the  Upper  Cretaceous 
of  New  Jersey,  U.S. A.  The  type-species  of  Thoraeo$auru$  is  said 
to  possess  antorhital  vacuities,  but  these  are  not  observed  in  the 
Maastricht  fossil,  and  the  author  suggests  that  accidental  fractures 
may  have  been  mistaken  for  such  in  the  New  Jersey  skulL  Detailed 
comparisons  are  instituted,,  and  the  subject  developes  into  an  interest- 
ing treatise  on  tlie  classification  of  the  Crocodilia.  Dr.  Eoken 
considers  *  that  ThoracosauruSf  Tomisioma,  and  Oavialig  are  direct 
descendants  of  the  Macrorhynchidsd,  Oavialis  being  the  most 
specialized  form  of  this  group,  and  having  no  intimate  connection 
with  the  TeleoSauridsB,  which  are  regarded  as  a  marine  family 
that  became  extinct  before  the  end  of  Mesozoic  times.  A  long 
statement  of  anatomical  facts  leads  to  the  conclusion  that  the 
Parasuchia  are  as  nearly  related  to  the  Lizards  as  to  the  Croco- 
diles; and  it  is  suggested  that  they  may  appropriately  rank  as 
equivalent  to  a  group  comprising  all  other  so-called  Crocodiles, 
an  order  Crocodildidea  being  instituted,  with  the  two  suborders 
Parasuchia  and  Crocodilia.  Agreeing  with  Lydekker,  Dr.  Eoken 
considers  that  there  is  no  satisfactory  line  of  demarcation  between 
the  Mesosuchia  and  Eusuchia ;  but  the  arrangement  adopted  in  the 
British  Museum  catalogue  is  characterized  as  unnatural  and  a  purely 
stratigraphical  classification.  Arophicoolian  and  procoelian  genera 
are  now  placed  together  in  each  of  the  three  surviving  families  of 
CrocodilidaB,  AlligatoridsB,  and  Macrorhynchidas ;  the  first  arising 
with  Benxissartia,  the  second  with  GoniopholiSf  and  the  third  with 
PhoUdosanriiSj  etc.,  this  again  subdividing  into  TomistomatinsB  and 
Gavialinse.  Incidentally  it  is  pointed  out  that  sclerotic  plates  are 
not  peculiar  to  Geosaurus,  as  once  stated,  but  that  feeble  ossifications 
occur  also  in  the  recent  Alligator ;  and  there  is  some  evidence  of 
CricosauruB  having  possessed  a  dermal  armour,  thus  differing  in 
that  respect  from  Qeoaaurus,  as  described.  In  a  postscript,  the 
author  notes  with  satisfaction  some  recent  observations  of  Mr. 
Huike  (Pioc.  Zool.  Soc,  1888),  which  are  in  accordance  with  his 
own  views.  A.  S.  W. 


III. — Prkmierb  Note  bur  les  TfiL^osTfeENS  du  Bruxellisn  (£og£Nk 
MOTEN)  DE  LA  Bkloique.  By  Louis  DoLLO.  Bull.  Soc.  Beige 
GeoL,  Paleont.,  Hydrol.,  vol  iii.  (1889),  pp.  218-226. 

M  DOLLO  discusses  the  spines  and  other  fragments  of  a  Silnroid 
,  fish  met  with  in  the  Bruxellian  Beds  of  Belgium,  already 
recorded  under  the  name  of  Silurus  Egertoni,  Dixon.  He  concludes 
that  these  remains  are  specifically  identical  with  the  English  Brack- 
lesham  fossils  originally  thus  named,  and  agrees  with  tlie  recent 
determination  of  the  species  as  a  meuiber  of  the  genus  Arius, 
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IV. — ''Ueber  den  Hautsohild  sines  Boohen  aus  deb  Marinen 
MoLAssE."  By  Prof.  A.  Baltzeb.  MittbeiL  Naturf.  Qes.  Bern, 
April,  1889. 

AN  unasually  large  dermal  tubercle  of  a  Ray  from  the  Molaase  of 
Magenwyl,  Canton  Aargau,  is  described  and  figured  by  Prof. 
Baltzer.  The  specimen  measures  about  0*05  in  length,  is  of  oval 
outline,  and  appears  to  consist  of  four  broad,  conical  tubercles  fused 
together.  A  microscopical  section  proves  the  Selachian  nature  of 
the  fossil,  and  it  seems  to  be  related  to  the  dermal  tubercles  already 
described  under  the  names  of  AcarUhobaiis  and  Dynatohatis,  The 
author  does  not  suggest  a  generic  or  specific  determination ;  but 
a  postscript  states  that  Dr.  Jaekel  regards  the  specimen  as  referable 
to  the  genus  Trygon,  and  will  shortly  describe  this  with  other  evidence 
of  the  same  fish  from  the  Swiss  Molasse. 


V.  —A  Criticism  of  Dr.  Croll's  Theory  of  Alternate  .Glacial 
AND  Warm  Periods  in  eaoh  Hemisphere,  and  of  Interolaoial 
Climates.  By  H.  H.  Howorth,  M.P.,  F.S.A.  (Memoirs  Man- 
chester Lit  and  PhiL  Soc.  ser.  4,  vol  iiL  1890.) 

BRIEFLY  stated,  the  conclusions  to  be  drawn  from  Dr.  Croix's 
theory,  are  ''  that  there  has  been  throughout  geological  time 
an  alternate  glaoiation  of  each  hemisphere,  ultimately  caused  by 
changes  in  the  eccentricity  of  tbe  earth's  orbit,  and  directly  engen- 
dered by  the  greater  amount  of  warm  water  forced  into  each 
hemisphere  by  the  alternately  greater  potency  of  the  Trade  winds 
North  and  South  of  the  Equator."  The  author  grants  two  of  Dr. 
CroH's  postulates,  namely,  that  climate  is  largely  dependent  on  the 
distribution  of  ocean  currents,  and  that  these  are  chiefly  dependent 
on  the  winds;  but  he  maintains  that  there  is  no  evidence  that  the 
south-east  trade  winds  are  stronger  than  the  north-east,  the  fact  that 
they  blow  across  the  equator  being  accounted  for  by  the  situation  of 
the  parallel  of  greatest  mean  heat  being  to  the  north  of  that  great 
circle.  Here  we  have  the  largest  area  of  land,  or  the  "  furnace  " 
which  causes  the  winds  to  blow  across  the  equator;  and  thus  Mr. 
Howorth  argues  that  the  circulation  of  the  trade  winds  does  not 
depend  on  special  differences  between  the  temperature  of  the  equator 
and  that  of  the  north  or  south  poles,  at  different  periods. 

ITiere  is  no  evidence  to  show  that  any  great  changes  have  taken 
place  in  the  relative  distribution  of  land  and  water  since  the  Glacial 
epoch,  whereby  the  parallel  of  greatest  mean  heat  might  have  been 
shifted  southwards;  nor  can  Mr.  Howorth  find  evidence  to  show 
extensive  glaciation  in  the  southern  hemisphere,  as  compared  with 
the  northern.  ' 

ITie  weakness  of  the  evidence  of  Glacial  periods  in  older  geolo- 
gical eras  is  discussed  by  the  author,  and  coming  to  the  Glacial 
period  itself,  he  points  out  the  uncertainty  of  the  evidence.  "  We 
have  not  yet  (he  says)  found  a  key  by  which  we  can  give  a  rational 
explanation  of  the  true  succession  of  so-called  glacial  deposits  in  two 
adjoining  counties,  much  less  in  two  larger  geological  areas."     He 
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admits  that  mammoth^s  teeth  and  remains  of  other  animals,  con- 
temporaries of  man,  have  sometimes  been  found  over  and  sometimes 
under  Boulder-clay.  This  fact,  no  doubt,  needs  explanation,  and 
can  (he  believes)  be  completely  explained  by  an  entirely  different 
cause  (as  he  proposes  to  show  elsewhere).  It  certainly  does  not  (in 
his  opinion)  support  the  theory  of  interglacial  warm  climates. 

I^  E  "V  I  ES  "W  S. 


•  •  

I. — UbEB   die   GaTTTJNO  PRISClTURBSy,   KUNTH.     Von  G.  LiNDSTROM. 

Bihang  till  k.  Svenska  Vet.-Akad.  Handlingar,  Band  15,  Afd.  iv. 
No;  9  (1889),  pp.  1-11,  Taf.  i.,  ii. 

On  the  Genus  Prisciturbbn,  Eunth.    By  Professor  6.  Lind- 
STROM,  of  Stockholm. 

THE  type  forms  of  the  genus  Prisciturhen,  described^  by  Eunth  * 
as  a  Perforat>e  Coiial  from  the  Silurian  strata  of  Oland,  have 
been  unfortunately  lost,  and,  owing  to  the  death  of  this  author, 
nothing  but  the  description  and  figures  remain  by  which  the  genus 
can  be  identified.  Prof.  Lindstrom  thinks  that  the  original  speci- 
mens must  have  been  derived  from  Gotland  instead  of  Oland;  for 
whilst  nothing  at  all  corresponding  to  the  genus  has  been  recognized 
from  this  island,  there  have  been  found  in  Gotland  forms  which 
agree  in  so  many  respects  with  Eunth 's  desciiptions  that  there  can 
be  no  doubt  that  they  belong  to  the  genus.  The  specimens  in 
question  are  thin  laminate  expansions,  with  a  concentrically  rugose 
epitheca  on  the  lower  surface,  and  on  the  upper  numerous  small 
calices  are  irregularly  grouped.  The  interspaces  between  the  calicos 
— described  by  Eunth  as  the  coenenchyma — are  papillate  and  covered 
with  delicate  open  channels  radiating  from  various  centres,  and  in 
this  substance  the  calices  are  usually  so  immersed  that  their  lateral 
walls  are  entirely  concealed.  The  calices  occur  in  all  stages  of 
growth ;  in  the  smallest,  hardly  1  mm.  in  diameter,  there  is  but 
a  single  septum  developed  on  the  lower  side  of  the  oblique  calices ; 
at  a  slightly  older  stage  there  are  two  additional  septa,  one  on  each 
side  of  the  primary  ;  these  are  followed  by  yet  other  two,  similarly 
situated,  and  then  a  single  septum  appears  on  the  upper  side  of 
the  calico  directly  opposite  the  primary.  In  full-sized  calices,  which 
are  not  more  than  4  mm.  in  diameter,  there  are  from  30  to  36  septa, 
alternately  large  and  small,  and  their  outer  margins  are  considerably 
thickened.  The  walls  of  the  calices  are  faintly  ribbed  and  sharply 
marked  off  from  the  coenenchyma  in  which  they  are  imbedded.  The 
development  of  the  septa  in  this  Coral  follows  precisely  the  same 
course  as  that  which  Prof.  Lindstrom  has  already  noticed  in  many 
other  Bugos^  Corals,  as  in  Goniophyllum,  Cyathophyllum  mitratum, 
Diphyphyllum,  sp.,  etc.,  but,  curiously  enough,  this  inequal  develop- 
ment appears  only  to  occur  in  species  which  in  their  earliest  stages 
of  growth  are  vermiform  or  tubular  in  shape,  and  attached  by  one 
side,  whilst  in  species  which  are  free  and  have  a  direct  vertical 

^  ZeitBchr.  d.  deatBch.  Geol.  Gesells.  1870,  pp.  82—87,  pi.  1,  figs.  2a— 2^. 
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growth,  the  septa  are  at  first  all  of  the  same  size  and  show  a  radial 
instead  of  a  pinnate  arrangement  Even  in  some  specimens  of 
Prt«ct^ttr&€n,  in  which  the  calices  have  an  upright  mode  of  growth, 
the  septa  are  fairly  regularly  radiate,  without  a  pinnate  or  bilateral 
disposition. 

Whilst  the  calices  in  Prt«ci7ttr&en  exhibit  all  the  characters  of 

ordinary  Rngose  Corals,  the  substance  in  which  they  are  imbedded, 

described   by   Kunth  as  coenenchyma,  shows  in  section  a   porous 

structure,     lliis,  on  being  submitted  to  Prof.  H.  A.  Nicholson,  was 

recognized  by  him  as  Stromatopora  typica,  v.  Rosen,  a  characteristic 

Wenlock  form  occurring  in  England  and  Russia.     It  thus  appears 

that  Prisciturben,  instead  of  being  an  abnormal  Perforate  Coral  allied 

to  the  recent  Turhinaria,  really  consists  of  two  different  organisms, 

a  Stromatopora  and  a  species  of  Cyathophyllum,  which  lived  together, 

not  always  in  harmony,  as  Lindstrom  remarks,  but  rather  in  conflict, 

since  in  some  specimens  the  Stromatopora  grew  at  the  expense  of 

the  Corals  and  nearly  choked  them,  and  in  others  the  Corals  were  so 

nnmerous  that  there  was  little  space  left  for  the  development  of  the 

Bifomatopora,     The  interesting  facts  relating  to   these   fossils  are 

clearly  shown  in  the  figures  which  accompany  Prof.  Lindstrom's 

lucid  descriptions,  H. 

11. — ^Thb  Devislopmkmt  of  some  Silurian  Braohiopoda.  By 
Charles  E.  Beecher  and  John  M.  Clarke.  Forming  vol.  i. 
No.  1  of  the  Memoirs  of  the  New  York  State  Museum,  pp.  95, 
8  lithographed  plates  and  4  woodcuts.     (Albany,  1889.) 

TTTITH  the  completion  of  Davidson's  great  work  on  the  Brachiopoda 
f  f  one  might  have  been  inclined  to  believe  that  very  little  more 
remained  to  be  done  with  a  group  of  shells  upon  which  so  much 
elaborate  research  had  been  expended,  and  with  such  splendid  results. 
But  we  see  in  the  volume  before  us  how  much  of  the  life-history  of 
the  Brachiopoda  yet  remains  to  be  written.  Upon  some  of  the  living 
members  of  this  group  important  treatises  have  from  time  to  time 
appeared ;.  notably  that  by  Prof.  E.  S.  Morse  ^  on  Terehratxdina ; 
another  by  Mr.  W.  K.  Brooks  ^  on  Glottidiay  and  another  by  Dr. 
L  Joubin ; '  while  M.  Eugene  Deslongchamps  has  treated  of  the 
development  of  the  deltidium  in  the  articulated  Brachiopods. 
Bnt  as  to  the  developmental  history  of  fossil  Brachiopods  the 
field  was  quite  open,  and  we  are  glad  to  see  it  occupied  by 
such  able  and  zealous  workers  as  are  the  authors  of  the  present 
volume.  The  results  recorded  by  them  could  scarcely  have 
been  arrived  at  without  the  aid  of  rather  exceptional  circum- 
Btances;   these  were  the  following.     A  large  collection  of  fossils^ 

*  Mem.  Boston  Soc.  Nat.  Hist.  toI.  ii.  "  On  the  Early  Stages  of  Terebratulina 
sept$nirionaliSf  pi.  i.  fi^s.  2,  3,  1869. 

'  Johns  Hopkins  University ;  Chesapeake  Zoological  Laboratory.  "  The  Develop- 
ment of  Xtn^u  to  and  the  Systematic  Position  of  the  Brachiopoda,    pi.  i.  and  ii.  1879. 

'  Archiv.  de  Zool.  Experim.  torn.  iv.  p.  161,  1886.  A  convenient  abstract  of  this 
memoir  has  been  given  by  Miss  Agnes  Crane  in  an  appendix  to  the  late  Dr.  Davidson's 
Monograpb  of  It^ent  Bracbiopoda ;  Trans.  Linn.  Soc.  Lond.,  2nd  ser.  ZooL,  vol.  iv. 
pi  iii.  p.  236,  Oct.  1888. 

*  We  are  told  that  the  collection  when  received  weighed  no  less  than  seven  tonal 
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was '  made  in  the  Niagara  group  at  Waldron,  Indiaua,  for  the  New 
York  State  Museum  (Albany,  N.Y.) ;  the  specimens  were  separated 
from  the  shales  by  washing  and  passing  the  material  throngh  sieves 
of  different  degrees  of  fineness,  and  by  this  means  a  vast  number 
(about  fifty  thousand)  of  partly  developed  shells  were  obtained,  most 
of  which  were  less  than  five  millimetres,  and  many  not  more  than 
one  millimetre  in  length.  After  rejecting  imperfect  and  badly 
preserved  specimens,  more  than  fifteen  diousand  immature  individuals 
still  remained  for  examination.  Besides  the  embryonic  Brachiopoda, 
immature  forms  of  Qasteropods  and  Grinoids  were  also  found,  but 
the  material  was  not  sufficiently  promising  to  repay  investigation. 
The  number  of  species  and  varieties  of  Brachiopoda  obtained  from 
the  Waldron  Shales  was  forty- two,  ascribed  to  twenty- four  genera. 
Twenty-six  of  these  species*  furnished  data  for  the  observation  of 
developmental  changes  ;  of  the  rest  no  young  shells  were  obtained. 
The  genera  represented  were  Crania,  Lingular  Pholidops,  OrthiSf 
8trepiorhynchu8,  Strophomena,  Strophodantay  Strophonella,  Leptcena, 
Streptis,  Chonetes,  Eichwaldia,  PentameruSt  Anastrophia,  BhynehofieUa, 
Bhynchotreta,  Atrypa,  Zygospira,  Cmlospira,  Retzia,  Nucleogpira, 
Meristella,  Whitfieldia,  Spirifer,  Of  these  the  following  species 
appear  to  have  yielded  the  best  results : — Streptorhynchu$  subplanum, 
Conrad  ;  Strophomena  rhomboidalis,  Wilckens ;  Strophonella  striata, 
Hall ;  Meristella  rectirostra,  Hall ;  Spirifer  crispus,  Hisinger ;  S.  erispus, 
var.  simplex.  Hall;  S.  radiattis,  Sowerby;  and  S.  bicostattiSf  var. 
petilus.  Hall. 

The  illustrations  (plates  i.—  vii.)  consist  of  enlargements  of  the 
embryonic  shells,  usually  to  the  size  of  the  adult,  accompanied  by 
figures  of  the  full-grown  shells,  or,  if  the  latter  were  too  minute  to 
show  details  of  structure  satisfactorily,  these  also  were  enlarged  to 
the  requisite  size.  Figures  of  special  structures,  such  as  the  hinge, 
are  also  added.  Plate  viii.  represents  a  series  of  specimens  ranging 
from  the  very  young  to  the  adult  shell ;  four  species  are  figured, 
viz.  Orthis  elegantula  (27  examples),  Streptorhynchiis  stibplanum  (13 
ex.),  Rhynchotretn  cuneata  (20  ex.),  Retzia  evax  (27  ex.).  These 
show  the  character  and  completeness  of  the  material  serving  as  the 
basis  of  the  work.  The  descriptions  of  the  species  are  thus  arranged : 
first,  the  developmental  characters  are  taken  up,  and  secondly,  the 
specific  characters  of  the  mature  form,  and  then  those  of  the  "in- 
cipient ''  form,  and  finally  the  developmental  phases  of  the  latter 
are  described,  as  to  their  general  shape,  beaks,  foramen,  plications, 
etc.  A  useful  summary  of  these  changes  is  furnished  at  the  end  of 
the  book,  under  the  heading,  Size  and  Contour;  Valves;  Beaks; 
Cardinal  Area;  Internal  Apparatus;  Surface  Ornaments;  Varieties 
and  Abnormalities ;  Senility.  Of  these  the  Cardinal  Area  afforded 
by  far  the  most  important  phylogenetic  results,  and  accordingly  the 
authors  have  devoted  several  pages  to  a  discussion  of  the  various 
phases  it  presents  in  different  species.  After  describing  the  develop- 
ment of  the  ventral  cardinal  area,  the  authors  observe  that  their 
results,  "  though  derived  from  the  species  of  a  single  fauna,  must 
not  be  given  too  limited  an  application,  for  they  involve  nearly 
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every  important  family  of  PalaBOsoio  artionlate  Braohiopods,  and  we 
may  tentatively  assume  that,  as  a  rule,  the  essential  features  of 
variation  obsoTYed  in  any  member  of  a  genus  will  hold  good  of  the 
other  members.  In  re^urd  to  the  development  of  the  characters  of 
the  pedicle-passage,  t.e.  the  deltidial  plates  and  the  foramen,  there 
is  good  reason  to  regard  the  process  as  substantially  identical  in  all 
the  genera  represented,  making  the  necessary  allowance  for  the 
peculiar  variation  seen  in  the  Strophomenidsd,  which  may  not,  how- 
ever, prove  it  an  exception  to  the  general  statements" 

After  criticizing  the  observations  of  M.  Eugene  Deslongchamps 
in  his  "  Note  sur  le  developpement  dn  deltidium  chez  les  brachio- 
podes  articules  "  (Bull.  Soa  Geo!.  France,  2^  86r.  torn.  xix.  pp.  409 — 
413,  pi.  ix.  1862),  the  authors  sum  up  the  results  of  their  studies  of 
the  cardinal  area  in  these  words  : — '*  It  is  not*  improbable  that  from 
an  early  form  related  to  the  genus  Orthis,  phylogenetic  development 
tended  in  two  main  channels.  One  lea(]ling  throtigh  Slrophomena, 
Seenidium^  Orihisina,  Leptana,  ChoneteSj  Productua,  and  Strophalosia, 
and  the  other  in  the  direction  of  BhynchoneUa,  Sptrifer^  Atrypa, 
Retzia,  and  TerebrattdaJ*^ 

We  congratulate  Messrs.  Beecher  and  Cl&rke  upon  the  production 
of  Buch  a  valuable  instalment  towards  the  complete  developmental 
history  of  the  Brachiopoda.  A.  H.  F. 

III.— The  Vertebrate  Animals  of  Leicestershire  and  Eutland. 

By  Montagu  Browne,  F.Z.S.    (Midland  Educational  Company, 

1889.) 
rpHE  title  of  this  work  would  scarcely  lead  the  Palaeontologist  to 
X  expect  any  items  relating  to  his  province;  and  the  ordinary 
naturalist  will  doubtless  be  surprised  to  find  elephants,  rhinoceroses, 
bisons,  reindeer,  and  crocodiles  indiscriminately  mingled  with  the 
small  *'game  "  as  elements  of  the  Vertebrate  Fauna  of  the  counties 
under  consideration.  However,  notwithstanding  the  misfortune  (as 
we  regard  it)  of  confusing  fragments  of  numerous  successive  faunas, 
as  if  they  all  belonged  to  one  period,  Mr,  Browne's  volume  is  a  most 
welcome  and  important  addition  to  the  literature  of  the  subject  of 
which  it  treats.  The  book  carries  out  a  plan  we  would  be  glad  to 
see  followed  by  others  specially  conversant  with  the  details  of  local 
faunas,  living  and  extinct;  and  its  accuracy  as  a  work  of  reference 
is  insured  by  the  care  with  which  the  author  has  submitted  all 
points  outside  his  own  immediate  province  to  the  judgment  of 
several  specialists.  A  systematic  zoological  arrangement  is  adopted 
throughout,  commencing  with  the  genus  Homo  and  ending  with 
Petromyzon ;  and  the  latest  results  in  taxonomy  and  nomenclature 
are  almost  uniformly  incorporated.  The  records  of  the  bones  and 
teeth  of  Mammalia  met  with  in  Pleistocene  and  other  superficial 
deposits  are  chiefly  based  upon  the  collection  in  the  Leicester 
Museum,  of  which  the  work  gives  a  tolerably  complete  catalogue. 
In  addition  to  evidence  of  man  dating  as  far  back  as  Neolithic 
times,  there  are  remains  of  Elephos  primigeniuSy  E.  antiqnus, 
^uoeeroB     (-^)    leptorhinua,    Equus    caballus,    Bison   princus,    Bos 
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primigeniuB,    Bob   Umgifrons,     Certnu    elaphut^    Capreolui  capraOj 
Bangifer  taranduSt  Sus  scrofa,  and  the  so-called  Sua  paiustris.    k 
word  of  warning  is  also  added  oonceming  Cetacean  bones,  which 
have  often  been  introduced  by  man  as  ornamental  gate-posts,  and 
have  sometimes  been  regarded  as  fossils — even  ascribed  in  error 
to  the  mammoth.     Ornithology,  as  may  be  expected,  oocnpies  the 
greater  part  of  the  volume,  and  comprises  nothing  of  palaeonto- 
logical  significance;  but  the  final  sections  on  Beptilia,  Amphibia, 
and  Pisces  are  concerned  more  with  extinct  than  with  living  forms. 
The  most  important  reptile-bearing  stratum  is  the  Lower  Lias  of 
Barrow-on-Soar,  which  has  yielded  Iehihyo$auru8  communis,  L  Conif' 
hearei,  L  intermedins,  I,  tenuirostris,  L  laiifrons,  and    Plesiosauna 
macrocephalus,  besides  more  doubtful  species  of  the  same  generai 
The  fine  example  of  Ichthyosaurus   showing  the  pectoral  fin  will 
especially  be  remembered   (Gkological  Magazine,  1889,  p.  388). 
The   Barrow   quarries,   moreover,   yield   fishes,  among  which  are 
recorded   Mesodon   liassicus,   Pholidophorus   Hastingsia,   P.    Strick- 
landi,  Heterolepidotus  serrulatus,  Ptycholepis  minor,  Dapedius  dortalit, 
D,  monilifer,    D,  orbis,  D,  striolatus,    Cosmolepis    Egertoni,    Chon* 
drosteus,   Acrodus,   and    Hyhodus.       Belonorhynchus   aeutus   is  also 
ascribed  to  the  same  locality,  but  the  original  specimen  does  not 
exhibit  the  ordinary  physical  characters  of  a  Barrow  fossil.    To 
the  Hhsetic  beds  of  Leicestershire  are  assigned  Ceratodus  latissimus, 
Pholidophorus    nitidus,    Sargodon    (?)    tomictis,    Chjrolepis    AlbertU, 
Saurichthys   acuminatus,  Acrodtis   minimus,   Eyhodus   cloacinus,  Hy^ 
hodus   minor,   and    Nemacanthus    monilifer,      Acrodus   keuperintis  is 
represented  by  a  spine  and  teeth  from  the  Upper  Eeuper ;  Strophodut 
magnus,  Asterneanthus  omatissimus,  and  Syhodus  crassus  occur  in 
the  Lower  Oolites  of  Rutland ;  and  there  are  several  typical  Coal- 
measure  scales  and   teeth   from  the  Ashby-de-la-Zouch  Coal-field. 
Mr.  Montagu  Browne  is  still  pursuing  with  success   the    pal8M)n- 
tological  aspect  of  the  subject,  as  shown  by  the  Addenda  and  more 
recent  publications  ;  and  it  may  be  hoped  that  in  the  next  edition  of 
the  present  work  a  considerable  advance  in  our  knowledge  of  the 
Vertebrate  fossils  of  Leicestershire  and  Rutland  will  constitute  one 
of  its  most  striking  features. 

IV. — "  KOPFSTACHBLN   VON  HyBODUS  UND  AcRODUS,   80G.   CeBATODUS 

HETEROMORPHus,   Ao."       By    Dr.   Ebebhard    Fbaas.      Wiirtt 
Jahreshefte,  1889,  pp.  233-240,  pi.  v.  figs.  9-13. 

THE  heads  of  Byhodus  and  Acrodus  discovered  in  the  English 
Lias  usually  exhibit  two  laterally -placed  pairs  of  hook-shaped 
spines,  fixed  upon  broad,  triradiate  bases.  These  prove  that  the 
remarkable  Triassic  and  Rha^tic  fossils  commonly  described  as  Cera- 
todus heteromorphus  are  not  Dipnoan  teeth,  but  the  cephalic  spines 
of  Uybodont  sharks.  Dr.  Fraas  makes  known  the  various  forms  of 
these  spines  met  with  in  Wiirtemberg,  giving  some  figures,  and 
proposing  a  definite  nomenclature.  '  Some  are  theoretically  assigned 
to  various  species  of  Bybodus  and  collectively  named  Bybodonchus ; 
while  others  are  similarly  assumed  to  belong  to  Acrodus,  and  thus 


Seviews — A  New  Rusfian  Beriew.  177 

termed  Acrodanehn».    It  may  be  oonvenient  for  stratignipliical  pur- 
poses to  have  pro  visional  names  for  such  fossils ;  but,  as  tbey  possess 
no  biological    significance,   we  venture  to  tbink  tbey  are  an  uu- 
fortanate    burden   to  scientific    nomenclature.      Moreover,   in   tbe 
present    instance,  tbe  names   proposed   result   from  an   imperfect 
acquaintance  'with  previous  researobes.     Tbe  term  Sphenonckut  was 
originally  applied  by  Agassiz,  not  to  tbe  later  Jurassic  spines  tbat 
prove  to  belong  to  Asteraeanihus,  but  to  tbe  spines  of  Hybodus  and 
Aerodus  from  tbe  Lower  Lias  of  Lyme  Regis — a  formation  in  wbicb 
Aiteraeanthus  has  never  been  discovered.     Again,  the  specimens  in 
the  British  Museum  show  tbat  there  is  no  constant  difference  between 
the  cephalic  spines  of  Hybodiu  and  Aerodus ;  and  the  true  nature  of 
these  fossils  is  far  from  being  a  recent  discovery,  as  reference  to 
Mr.  Charles  worth's  paper  of  1839,  and  Mr.  Day's  note  of  1865,  will 
show.    If  a  provisional  generic  name  of  any  kind  be  adopted,  that 
of  SphenonchvB  thus  has  priority,  while  Bybodonchus  and  Acrodan- 
eku9  are  mere  synonyms.  A.  S.  W. 

Y.~Am  Elkmbntary  Tbxt-Book  of  Geology  :  intended  as  an 
Intboduction  to  the  Study  op  the  Kocks  and  their  Contents. 
By  W.  Jebome  Harrison,  F.G.S.  (London,  Blackie  &  Co., 
1889.)     Small  8vo.  pp.  200.     Price  2«.  6d. 

THIS  little  work  may  be  recommended  as  giving  a  concise 
account  of  the  leading  geological  facts,  under  the  divisious  of 
Descriptive  Geology,  Palaeontology,  and  Historical  or  Stratigraphical 
Geology.  It  will  be  useful  as  an  elementary  class-book  for  students, 
and  as  an  introduction  to  the  larger  manuals. 


A  new  Eussian  Review. 

VI. — "Revue  des  Sgienoes  Naturklles.**  Societe  des  Naturalistes, 
Universite,  St.  Petersburg.  (Annual  subscription,  3  roubles 
50  kopeks.) 

ALTHOUGH  Nikitln's  admirable  "  Biblioth^que  geologique  de  la 
Russie  "  enables  geologists  to  obtain  access  to  Russian  literature 
more  readily  than  can  workers  in  other  departments  of  natural 
science,  nevertheless  the  publication  of  a  monthly,  in  addition  to  an 
annual  list,  cannot  fail  to  be  welcome.  Hence  geologists  will  be 
interested  in  the  success  of  the  latest  addition  to  Russian  periodical 
literature — the  Vyestnik  Estestvoznaniya,  recently  commenced  by 
the  St.  Petersburg  Society  of  Naturalists.  This  review  will  consist 
of  original  articles  on  various  branches  of  natural  science,  with  short 
French  abstracts,  and  a  bibliography,  also  in  French,  of  Russian 
scientific  literature;  the  first  number,  which  has  just  been  issued, 
including  three  geological  articles,  viz.  a  paper  by  Levinson- 
Lessing  on  "  Some  Chemical  Types  of  Eruptive  Rocks,"  a  report  by 
P.  N.  Venyukov  on  the  Devonian  beds  of  Mughodzliares,  and  a 
criticism  by  B.  Polyenov  on  Michel  Levy's  *'  {Structure  et  classi- 
fication des  rocbes  eruptive." 
The  new  journal  is  edited   by  the   veteran  physiologist  F.  V. 
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Ovsyannlkov,  but  it  is  evident  from  the  list  of  promised  contributors 
that  geology  will  not  be  neglected.  This  list  includes,  in  addition 
to  those  who  have  written  in  the  first  number,  suoh  geologists  as 
Inostrantzev,  Earplnski!,  Amalitzki!,  Andrusov,  Doknchaev,  Vemad- 
skil,  and  Nlkolskil,  while  the  mineralogists  are  represented  by 
Eremyeev,  Zemyatchenskil,  and  Tikhomlrov.  J.  W.  0. 


Geological  Society  of  London. 

L— Annual  General  Meeting,  February  21,  1890. — Dr.  W.  T. 
Blanford,  F.K.S.,  President,  in  the  Chair. 

The  Secretaries  read  the  Beports  of  the  Council  and  of  the  Library 
and  Museum  Committee  for  the  year  1889.  In  the  former  the 
Council  had  again  to  congratulate  the  Fellows  upon  the  continued 
and  apparently  increasing  prosperity  of  the  Society,  the  affairs  of 
which  were  in  a  very  satisfactory  condition.  The  number  of  Fellows 
elected  during  the  year  was  66,  of  whom  46  qualified  before  the 
end  of  the  year,  together  with  15  previously  elected  Fellows,  and 
.  these,  with  one  Fellow  readmitted,  made  a  total  accession  of  62 
Fellows  during  1889.  Deducting  from  this,  however,  38  for  losses 
by  death,  resignation,  and  removal,  and  for  new  Fellows  compound- 
ing, the  actual  increase  in  the  number  of  Contributing  Fellows 
amounts  to  24.  The  Balance-sheet  for  the  year  1889  showed 
receipts  to  the  amount  of  £2775  148.  Sd.t  and  a  total  expenditure 
of  £2775  2$,  Id.,  including  a  sum  of  £198  58.  6d.  expended  in  the 
purchase  of  stock.  The  balance  in  favour  of  the  Society  at  dlst 
December  was  £249  4«.  \d.  The  Council's  Eeport  also  referred  to 
the  Revision  of  the  Bye-Laws  completed  in  the  spring  of  1889,  and 
in  conclusion  announced  the  awards  of  the  various  Medals  and  of 
the  proceeds  of  the  Donation  Funds  in  the  gift  of  the  Society.  The 
Eeport  of  the  Library  and  Museum  Committee  enumerated  the 
additions  made  during  the  past  year  to  the  Society's  Library  and 
Collections,  and  referred  briefly  to  the  work  done  in  the  Museum, 
especially  with  regard  to  the  glazing  of  the  drawers  in  the  Cabinets. 

In  handing  the  Wollaston  Medal  to  Prof.  J.  W.  Judd,  F.R.S.,  for 
transmission  to  Prof.  W.  Crawford  Williamson,  F.R.S.,  the  President 
addressed  him  as  follows  : — 

ProfesBor  Jadd, — The  Council  have  awarded  the  Wollaston  Medal  for  the  present 
year  to  Prof.  W.  G.  Williamson,  in  recognition  of  his  researches  in  Palseontonlogy, 
and  especially  of  the  series  of  important  papers  in  which  he  has  described  the  struo- 
tnre  of  the  plants  that  have  contributed  to  the  formation  of  Coal.  His  inrestigations 
have  added  greatly  to  our  knowledge  of  the  Carboniferous  flora,  and  have  enabled  us 
to  form  a  much  clearer  idea  of  the  plant-life  in  those  far  distant  days  of  the  Palssozoic 
era  than  was  previously  possible.  Although  Professor  Williamson's  attention  has 
now  for  many  years  been  especially  devoted  to  the  examination  of  fossil  plants,  he 
had,  before  his  researches  on  ancient  botany  commenced,  added  many  valuable  details 
to  our  knowledge  of  the  fossiliferous  rocks  of  Yorkshire  and  Lancashire,  and  he  had 
contributed  greatly  to  the  natural  history  of  recent  and  fossil  Foraminifera.  whilst  in 
a  paper  published  more  than  40  vears  ago,  on  some  of  the  microscopical  objects  found 
in  the  mud  of  the  Levant  and  other  deposits,  with  remarks  on  the  mode  of  formation 
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»ii8  and  infusorial  siliceoos  rocks,  he  anticipated  many  recent  discoveries, 
the  part  played  by  minute  calcareous  and  siliceous  organisms  in  rock-forma* 
ilso  as  to  the  chemical  and  physical  changes  to  which  such  organisms  are 
ring  the  conyersion  of  soft  deposits  into  hard  stone. 
1^  you  to  transmit  this  Medal  to  Professor  Williamson,  may  I  further  b^ 
nil  conyey  to  him  an  expression  of  our  wishes  that  he  may  continue  his 

studies  for  many  years  to  come,  and  of  our  regret  that  his  engagements 
yoidably  preyenteid  our  having  the  pleasure  of  his  presence  on  this  occasion. 
UDD,  in  reply,  read  the  folio wmg  communication  received  by  him  from  Prof, 
m:  —**  I  need  scarcely  say  that  I  feel  grateful  for  the  honour  done  me  in 
me  the  Wolliston  Medal ;  and  I  trust  you  will  not  deem  me  presumptuous 
xpress  a  hope  that  it  has  been  won  by  conscientious  work.  Though  the 
iits  of  fossil  plants  discovered  in  the  neighbourhood  of  Scarborough — my 
m— drew  my  attention  to  palseobotany  at  an  early  age,  it  was  only  in  1851 
umenced  the  study  of  their  internal  organization.  I  was  led  to  this  by  a 
for  which  I  was  indebted  to  our  distinguished  colleague  Professor  Prestwich, 
h  enabled  me  to  interpret  the  anomalous  objects  known  as  Sternbergia, 
asi  attending  this  exploration  whetted  the  appetite;  and  from  that  time 

the  or^nizatiou  of  the  Carboniferous  plants  has  received  my  continuous 
The  difficulties  impeding  my  work,  which  have  been  considerable,  have 
isen  from  one  cause.  Most  of  the  Carboniferous  plants  belong  io  the 
nic  division  of  the  Vegetable  Kingdom,  the  only  exceptions  being  some 
forms  of  the  modem  Cycads  and  Conifers.  At  the  present  day  theso 
tns  are  mainly  low  herbaceous  plants.  But  forests  and  forest-trees  were 
I  that  primaeval  age,  which  want  seems  to  have  been  inadequately  supplied 
rmnosperms  just  referred  to..  The  want  was  met  by  uplifting  the  now  lowly 
ms  into  Forest  giants,  and  since  the  stems  of  these  required  some  organiza* 
tional  to  that  which  living  Cryptogams  possess,  to  enable  them  to  sustain 
jrstructures,  they  were  strengthened  f<>r  tneir  work  by  the  same  exogenous 
s  effects  that  end  among  modern  forest  trees.  But  that  any  Cryptogams 
tain  so  high  an  organi/.ation  was  deemsd  by  most  botanists  so  improbable 
r  almost  universal  voice  rejected  my  views  upon  the  subject.      But  the 

prevailed,  and,  happily  for  myself,  I  have  been  spared  long  enough  to 
lis  end  of  my  labours." 

;lusion,  Proi.  Williamson  expressed  his  great  indebtedness  to  Messrs.  Cash, 
Butterworth,  Nield,  Earnshaw,  Whitaker,  Spencer,'  Binns,  Wild,  and 
rho  have  collected  the  valuable  materials  employed  by  him  in  his  researches. 

resenting  the  Murchison  Medal  to'  Prof.  E.  Hull,  F.R.S.,  tbe 

nt  addressed  him  as  follows  : — 

lor  Hull, — In  handing  to  vou,  who  were  one  of  Sir  R.  Murchison's 
s  on  the  Geological  Survey  0/  Great  Britain  and  Ireland,  the  Medal  founded 
[  shall  not  attempt  to  enumerate  the  many  additions  that  you  have  made  t  > 
rledg^  of  the  geology  of  the  British  Islands  and  to  geological  literature, 
itributions  to  the  memoirs  published  by  the  Survey  on  various  parts  of 
and  especially  on  parts  of  Gloucestershire,  Oxfordshire,  Curaberlanil, 
,  and  Lancashire,  are  too  well  known  to  need  recapitulation ;  and  you  have 
1  service  to  the  cause  of  science  by  your  treatment  of  one  of  the  principal 
1  and  economical  problems  presented  to  the  Survey  in  your  *  Coal -fields  of 
ritain,*  a  work  that  has  deservedly  passed  through  several  editions.  You 
ed  greatly  in  the  important  series  of  investigations  into  the  underground 
on  of  the  productive  Coal-measures  when  concealed  by  later  unconformable 
and  ys,u  have  applied  your  extensive  field -experience  of  British  rocks  to 
difficult  question  of  land -distribution  in  past  epochs,  and  to  the  elucidation 
hysical  geography  of  the  British  Islands.  For  several  years  past,  whilst 
rour  present  post  at  the  head  of  the  Irish  Survey,  you  have  contributed  in 
y  different  parts  of  the  country,  and  by  the  investigation  of  many  distinct 
nations,  to  our  knowledge  of  Irish  geology,  and  by  your  visit  to  Palestine 
been  able  to  throw  much  light  on  the  geological  structure  of  tbe  Holy  Land. 
SuLL,  in  reply,  said:— I  appreciate  very  highly  the  honour  which  you  and 
cil  have  conferred  in  awardmg  to  me  the  Murchison  Medal.  The  gratifica- 
el  is  enhanced  by  the  circumstance  tliat  this  distinction  is  associated  with 
i  and  memory  of  the  founder,  who  was  to  me  a  wise  and  confiid«i%\A  e\nfil  «a 
personal  friend. 
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Tou  have  been  pleased  to  refer  to  my  official  work  on  the  Geological  Sorvey  of  the 
United  Einnlom,  as  well  as  to  that  of  a  more  personal  nature.  It  has  been  my  lot 
to  serre  under  four  KUcc<>88iTe  chiefs,  namely,  De  la  Beche,  Marchison,  Ramsay,  and 
Br.  Geikie,  whose  names  will  eyer  be  associated  with  the  early  history  and  progress 
of  geological  science ;  and  I  may  truly  say  that  from  each  and  all  I  receiyed  that 
encouragement  and  support  which  is  essential  to  the  hearty  fulfilment  of  the  duties 
of  a  public  serrant ;  ana  I  am  glad  to  have  this  opportunity  of  saying  that  in  bring- 
ing  the  Geological  Survey  of  Ireland  to  its  completion  I  have  been  associated  with 
colleagues  in  this  work  who  have  combined  an  earnest  desire  to  fulfil  their  duties  to 
the  public  service  with  no  small  amount  of  enthusiasm  in  canying  on  scientific 
investigation.  In  view  of  my  pending  retirement  from  this  department  of  the  public 
service,  I  am  somewhat  consoled  by  toe  hope  that,  in  consequence,  I  may  be  enabled, 
at  no  distant  day,  to  take  a  more  active  part  in  ^e  work  of  this  great  Society  thtin 
has  hitherto  been  possible.  In  conclusion,  I  have  only  to  express  my  thanks  to  you, 
Mr.  President,  for  the  kind  words  in  which  you  have  communicated  to  me  the  award 
of  the  Council ;  these  will  be  an  incentive  to  further  effort  in  the  cause  of  geological 
investigation. 

The  President  then  presented  the  Lyell  Medal  to  Pro£  T.  Rupert 
Jones,  F.K.S.,  and  addressed  him  as  follows : — 

Professor  Rupert  Jones, — There  is  unusual  pleasure  in  presenting  one  of  the  chief 
awards  in  the  gift  of  the  Council  to  a  geologist  who  has  been  so  long  and  so  honour* 
ably  associated  with  the  Geological  Society  as  yourself,  and  the  appropriateness  of 
the  award  is  not  decreased  by  the  circumstance  that  your  officisil  connexion  with  the 
Society  commenced  when  the  great  geologist  who  founded  this  medal  was  President. 
Since  that  time,  now  forty  years  ago,  you  have  written  much  on  various  fossil 
organisms,  but  especially  on  Entomostraca  and  Foraminifera,  and  in  many  cases,  and 
especially  amongst  the  bivalve  ciustaceans  of  the  older  rocks,  it  is  largely  to  your 
researches  that  we  are  indebted  for  our  present  knowledge  of  the  forms.  Tou  have 
also  devoted  much  time  and  attention  to  the  geology  of  South  A^ca,  and  to  bringing 
together  the  scattered  information  that  we  possess  concerning  the  geology  of  that 
interesting  region. 

In  placing  the  Lyell  Medal  in  your  hands  I  can  only  add  that  I  think  the  Council 
have  carriea  out  the  intentions  of  Sir  Charles  Lyell,  and  that  they  are  justified  in 
believing  that,  in  his  words,  "  the  Medallist  has  deserved  well  of  the  Science.** 

Prof.  T.  Rupert  .Jones,  in  reply,  said:— Acknowledging,  with  respectful  thanks, 
the  unexpected  honour  with  which  the  Council,  on  the  part  of  the  Society,  has 
favoured  me,  I  beg  to  state  that,  in  following  the  study  of  those  branches  of  geo- 
logical  science  to  which  opportunity  and  other  circumstances  have  led  me  to  give  niy 
best  attention,  I  cannot  claim  to  have  been  so  successful,  or  so  useful,  or  deserving 
of  such  honourable  recognition  as  the  Council,  in  their  kindness  towards  an  old 
worker,  seem  to  have  considered  me  to  be. 

Thanks  to  a  natural  disposition  to  study  both  living  and  fossil  organisms,  and  to 
look  with  confidence  for  signs  of  the  great  Divine  laws  governing  the  earth  and  all 
its  belongings,  my  humble  part  has  been,  as  far  as  possible,  that  oi  a  true  **  Minister 
et  Inierpres  Naturae." 

No  great  discovery,  however,  nor  signal  success  in  elucidating  the  problems  offered 
for  our  study,  in  tne  organic  and  the  inorganic  world,  has  been  attained  by  me. 
Persistent  and,  may  be,  an  industrious  search  among  geological  facts  for  their  causes 
and  history,  and  among  fossils,  especially  microzoa,  for  evidence  of  their  exact 
relationships,  to  the  end  that  our  knowledge  of  these  things  should  be  more  perfect 
and  more  useful,  has  occupied  much  of  my  intellectual  life. 

How  far  the  Foraminifera,  Ostracoda,  and  Phyllopoda  have  been  already,  or  will 
in  the  future  be  useful  palaDontological  guides  to  the  geologist  cannot  be  noticed  here. 

In  all  that  I  have  done  my  work  has  been  my  pleasure,  and  I  can  claim  no  reward 
for  it ;  and  in  all  that  has  been  good  I  have  to  acknowledge  warmly  the  co-operative 
help  given  by  W.  K.  Parker,  J.  W.  Kirkby,  H.  B.  and  G.  S.  Brady,  Henry  Wood- 
ward,  and  C.  D.  Sherborn ;  and  in  just  now  completing  the  Supplemental  Monograph 
of  the  Cretaceous  Entomostraca  I  have  had  the  Kind  aid  of  G.  J .  Hinde. 

This  Medal,  Sir.  bequeathed  by  my  old  and  revered  friend  Sir  Charles  Lyell,  and 
the  other  Awards  given  so  graciouslv  this  day  by  the  Council  and  yourself,  on  behalf 
of  the  Geological  Society,  bear  striking  and  pleasant  testimony  to  the  fact  that  the 
good  deeds  of  great  and  good  men  live  after  tnem. 
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The  President  next  presented  the  Balance  of  the  Wollaston  Fund 
to  Mr.  W.  A.  E.  Ussher,  F.G.S.,  and  said  :— 

Mr.  TTssber, — In  connexion  with  the  Geological  Snrvej  of  the-  counties  of 
Somerset,  Devon,  and  Cornwall,  it  has  been  your  province  to  examine  many  of 
the  rocks  exposed,  and  in  addition  to  your  official  work  you  have  contributed  several 
useful  accounts  of  the  Palseozoic,  Triassic,  and  Pleistocene  deposits  to  the  Juumal  of 
this  Society  and  to  other  geological  publications.  In  recognition  of  the  good  work 
done  by  you  the  Council  haye  authorized  me  to  present  you  with  the  balance  of  the 
Wollaston  Donation  Fund. 

Mr.  UsHHBR,  in  reply,  said  :~I  thank  the  Council  for  the  recognition  of  work  this 
Award  implies,  and  you.  Sir,  for  your  allusions  to  it.  Whatever  results  I  may  have 
obtained  in  the  discharge  of  my  ordinary  duties  on  the  Geological  Survey  are  not 
deierving  of  reward.  The  construction  of  maps  may  be  faithfully  performed  without 
obtaining  results  of  moment  in  the  furtherance  of  geological  knowledge;  official 
nquirements  are  so  engrossing  and  imperative  as  to  oblige  those  who,  like  myself, 
desire  to  acquire  as  competent  an  acouaintance  as  possible  with  the  strata  on  which 
they  are  employed,  to  supplement,  by  private  work,  the  information  acquired  in 
pablic  duty.  The  results  obtained  by  private  investigation,  whensoever  they  con* 
tribute  to  the  advancement  of  our  common  science,  are  in  themselves  rewards. 

The  result  of  my  twenty  years*  experience  in  geological  mapping  is  this:— the 
icqnirement  of  patience  and  the  entire  subordination  odt  theoretical  considerations, 
wluch  should  be  the  outcome  of  a  careful  study,  collation  and  comparison  of  details, 
ind  not  the  working  hypothesis  to  weld  them  into  system  during  or  l^fore  the  pro- 
gress of  the  work. 

This  principle  T  have  had  to  keep  in  view  in  Pleistocene  work,  in  dealing  with  a 
finable  and  disturbed  series  of  Triassic  rocks,  and  to  a  still  greater  extent  in  dealing 
with  fossiliferous  rocks  such  as  the  Lias,  Oolites,  Carboniferous,  and  Devonian.  I 
bare  learned  the  extreme  importance  of  Palteontology  in  investigating  disturbed 
PalsDozoic  areas,  where  it  appears  to  me  that  the  evidences  of  fossils  and  of  strati- 
graphy should  be  taken  together,  and  without  subordinating  the  one  as  a  mere 
adjunct  to  the  other. 

In  presenting  the  Balance  of  the  Murchison  Geological  Fund  to 
Mr.  E.  Wethered,  F.G.S.,  the  President  addressed  him  as  follows: — 

Mr.  Wethered,— The  remainder  of  the  Murchison  Donation  Fund  has  been 
awarded  to  you  by  the  Council  of  this  Society  on  account  of  the  researches  you  have 
undertaken  into  the  microscopic  structure  of  sedimentary  rocks,  and  to  aid  you  in 
prosecutin?  further  inquiries.  The  results  of  your  examination  of  the  insoluble 
FKidaes  obtained  from  the  Carboniferous  Limestone,  and  of  the  remarkable  minute 
tobaliu-  forms  (apparently  organic)  from  various  limestones,  that  you  have  ascribed 
to  OirtaneUa,  are  of  great  interest,  and  have  furnished  an  important  contribution  to 
oar  knowledge  of  the  manner  in  which  Palaeozoic  and  Mesozoic  limestones  have  been 
formed. 

Mr.  Wethered.  in  reply,  said : — I  desire  to  express  to  the  Council  my  thanks 
for  the  honour  done  me  in  making  me  the  recipient  of  the  Murchison  Fund  for  the 
year.  This  kind  consideration  will  greatly  encourage  mc  in  pursuing  that  branch  of 
geological  research  which  I  have  marked  out  as  one  of  the  objects  of  my  life.  To 
nave  done  work  which  merits  the  acknowledgment  of  this  Society — the  ^t  in  the 
world— is  one  of  the  greatest  satisfactions  a  geologist  can  enjoy. 

You  have  referred  to  my  work  on  the  microscopical  examination  of  limestones,  and 
I  should  like  to  say  that  in  this  there  is  a  most  important  field  open  for  investigation. 
If  those  who  have  the  opportunity  of  examining  the  oldest  limestones  would  do  so 
tiirough  the  microscope,  with  due  regard  in  preparing  the  slides  to  the  optical  pro- 
perties of  the  rock,  my  belief  is  that  our  knowledge  of  the  life  which  existed  at  that 
eirly  period  of  the  earth's  history  would  be  considerably  advanced. 

I  again  return  my  thanks  for  the  honour  done  me. 

The  President  then  presented  the  Balance  of  the  Lyell  Geological 

Fund  to  Mr.  C.  Davies  Sherborn,  F.G.S.,  and  said  :— 

Mr.  Davies  Sherborn,— There  is  no  branch  of  scientific  work  at  the  present  day 
that  confers  a  greater  benefit  on  geologists  in  general  than  the  recording  <»f  geolo- 
gical and  palseontological  literature.     Owing  to  various  causes,  the  mass  of  published 
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matter  increues  yearly ;  and  as  it  is  impossible  for  any  one  to  read  all  that  appears, 
a  heaTy  debt  is  due  to  tbose  who  undertake  the  arrangement  of  a  key  to  the  yarious 

Jublications.  In  Palaeontology  this  is  eren  of  greater  importance  than  in  Geology, 
n  yonr  recently  published  *  biDliography  of  the  Foraminifera/  and  in  the  Catalogue 
of  *  British  Fossil  Vertebrata,'  published  in  conjunction  with  Mr.  Smith  Woodward, 
you  have  contributied  to  that  important  object  the  establishment  of  a  general  palee- 
ontoloeical  list  with  full  references ;  whilst  in  the  assistance  given  to  the  *  Geological 
Record '  you  have  done  good  service  to  the  science  for  the  advancement  of  which  this 
Society  existo.  As  a  mark  of  the  value  attached  by  the  Council  to  the  completion  of 
a  general  index  to  palseontological  writings,  and  as  an  assistance  in  the  compilation 
of  any  portion  of  tne  work  that  you  may  undertake,  1  have  much  pleasure  in  present- 
ing to  you  the  Balance  of  the  Lyell  Donation  Fund. 

Mr.  Shbrborn,  in  reply,  said  :~  I  must  ask  you,  Sir,  to  express  my  thanks  to  the 
Council  for  the  distinction  they  have  shown  me  in  awarding  me  the  rroceeds  of  the 
Lyell  Fund.  1  feel  ^ipreat  diffidence  in  accepting  such  award,  my  work  having 
extended  over  but  few  years.  1  have  endeavoured  to  make  that  wore  as  perfect  as 
possible,  and  hope  to  devote  my  future  time  to  bibliographic  research.  I  wish  to 
thank  Prof.  Rupert  Jones  and  Mr.  Topley  for  first  assistance  in  my  work,  and  I 
assure  you,  Sir,  I  shall  always  labour  to  make  my  work  more  perfect. 

In  presenting  to  Mr.  W.  Jerome  Harrison,  F.G.8.,  a  grant  from 
the  Proceeds  of  the  Barlow- Jameson  Fund,  the  President  addressed 
him  as  follows : — 

Mr.  HHrrison, — In  awarding  to  you  a  grant  from  the  Barlow- Jameson  Fund,  the 
Council  recognize  the  value  of  your  endeavours  to  spread  a  knowledge  of  Geolo?y  by 
the  compilation  and  publication  of  hand-books  to  the  Geology  of  the  Counties  in 
England  and  Wales.  They  also  appreciate  your  geological  researches  in  the  Midland 
Counties,  and  trust  that  the  award  now  made  may  be  of  use  to  you  in  the  prosecution 
of  future  efforts  to  extend  geological  knowledge. 

Mr.  Hakrison,  in  reply,  said:— In  thanking  the  Council  for  the  honour  they 
have  Conferred  upon  me,  i  can  only  say  that  their  award  was  as  unexpected  as  it 
was  welcome.  '1  oe  daily  tasks  of  a  necessarily  busy  life  have  left  me  but  little  time 
for  orit^innl  researcli,  and  I  have  done — not  what  I  would,  but  Xrhat  1  couid.  This 
recognition  of  my  labours,  and  the  kind  words  with  which  you  have  accompanied  it, 
will  spur  me  on  to  increased  endeavours  in  those  studies  which  the  Geological  Society 
was  established  to  promote. 

The  President  then  read  bis  Anniversary  Address,  in  which,  after 
giving  obituary  notices  of  several  Fellows,  Foreign  Members,  and 
Foreign  Correspondents  deceased  since  the  last  Annual  Meeting, 
including  the  Venerable  Archdeacon  Philpot  (who  was  the  senior 
Fellow  of  the  Society,  having  joined  it  in  1821),  Dr.  H.  von 
Decben  (the  oldest  Foreign  Member,  elected  in  1827),  Mr.  Robert 
Damon,  Mr.  J.  F.  LaTrobe  Bateman;  Mr.  H.  W.  Bristow.  Dr.  John 
Percy,  the  Rev.  J.  E.  Tenison  Woods,  Mr.  Thomas  Hawkins,  Prof. 
F.  A.  von  Quenstedt,  Prof.  Bellardi,  Dr.  Leo  Lesquereux,  and  Dr. 
M.  Neumayr,  he  referred  briefly  to  the  condition  of  the  Society 
during  the  past  twelve  month's  and  to  a  few  w«»rks  on  palaeontological 
subjects  published  in  the  same  period.  He  also  mentioned  the  find- 
ing of  Coal  in  situ  in  a  boring  at  Shakspere'sClifif,  and  then  proceeded 
with  the  main  subject  of  his  Address,  namely,  the  question  of  the 
Permanence  of  Continents  and  Ocean-basins.  After  reviewing  the 
evidence  derived  from  the  rocks  of  oceanic  islands,  and  the  absence 
of  deep-sea  deposits  in  continental  strata  of  various  ages,  he  pro- 
ceeded to  the  points  connected  with  the  geographical  distribution  of 
animals  and  plants,  and  gave  reasons  for  believing  that  Sclater's 
zoological  regions,  founded  on  Passerine  birds,  were  inapplicable  to 
other  groups  of  animals  or  plants,  and  that  any  evidence  of  con- 
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tinental  permanence  Imsed  on  snoh  regions  was  worthless.    He  also 

showed  that  hoth  elevations  and  depressions  exceeding  1000  fathoms 

had  taken  place,  in  Tertiary  times,  and  gave  an  aocoant  of  the  hiolo- 

gioal  and  geological  facts  in   support  of  a  former  nnion  between 

several  lands  now  isolated,  and  especially  between  Africa  and  India 

via  Madagascar,  and  between  Africa  and  South  America.     From 

these  and  other  considerations  it  was  concluded  that  the  theory  of 

the  permanence  of  ocean-basins,  though  probable,  was  not  proved, 

and  was  certainly  untenable  to  the  extent  to  which  it  was  accepted 

by  some  authors. 

The  Ballot  for  the  Connoil  and  Offioen  was  taken,  and  the  following  were  doly 
elected  for  the  enioing  year  '.—PreaideU  i  A.  Geikie,  LIj.D.,  F.R.8.  Viee'Prtn' 
demts:  Prof.  T.  G.  Bonney,  D.So.,  LL.D  .  F.B.8. ;  L.  Fletcher,  Bsq.,  M.A.,  F.B.8. ; 
W.  H.  Hudleston.  Baq.,  M.A.,  F.B.S. ;  J.  W.  Holke,  Eaq..  F.B.8.  Seereiarut :  H. 
Bicke,  H.D..  F.B.8.;  J.  E.  Marr,  Esq.,  H.A.  Foreim  Secretary:  8ir  Warington 
W.  Smyth,  M.A.,  F.B.8.  Treasurer  x  Prof.  T.  Wiltehire,  H.A.,  F.L.8.  OmneUt 
Prof.  J.  F.  Blake.  M.A. ;  W.  T.  Blanford,  LL.D.,  F.U.8.;  Prof.  T.  G.  fionney, 
D.So.,  LL.D..  F.B.8.;  James  Carter,  Em.;  John  Evans,  D.G.L.,  LL.D.,  F.B.8. ; 
L.  Fletcher,  Esq.,  H.A..  F.R.S. ;  A.  Geikie,  LL.D.,  F.B.8. ;  Prof.  A.  H.  Green, 
U,A.,  F.B.S. ;  A.  Barker,  Esq.,  M.A. ;  H.  Hicks.  M.D..  F.R.a  ;  Ber.  Edwin  Hill 
H.A.;  W.  H.  Hadleston.  Esq.,  M.A.,  F.B.8.;  J.  W.  Halke.  Esq..  F.B.8.;  Major- 
OcD.  C.  A.  McMahon;  J.  E.  Marr.  Esq^  M.A. ;  H.  W.  Monckton,  Esq.;  E.  T. 
Newton.  Esq.;  F.  W.  Badler.  Esq.;  Sir  WariDgton  W.  Smyth,  M.A..  F.R.S.;  W. 
Topley.  Esq^F.R.S.;  Bev.  G.  F.  Whidbome,  M.A. ;  Prof.  T.  Wiltshiro,  M.A., 
P.L.S. ;  fl.  Woodward,  LL.D..  F.B.S. 

-  '  ^ 

II.— February  26,  1890.  — J.  W.  Hulke,  Esq.,  F.B.S.,  Vice- 
President,  in  the  Chair. — The  following  communication  was  read : — 

"  On  the  Relation  of  the  Westleton  Beds  or  *  Pebbly  Sands '  of 
Suffolk  to  those  of  Norfolk,  and  on  their  Extension  inland,  with  some 
Observations  on  the  Period  of  the  Final  Elevation  and  Denudation  of 
the  Weald  and  of  the  Thames  Valley."— Part  III.  On  a  Southern 
Drift  in  the  Valley  of  the  Thames,  with  .Observations  on  the  Final 
Elevation  and  Initial  Subaerial  Denudation  of  the  Weald,  and  on 
the  Grenesis  of  the  Thames."  By  Prof.  Joseph  Prestwich,  D.C.L., 
F.R.S.,  etc. 

In  this  third  part  of  his  paper  the  author  gave  a  description  of 
the  character  of  the  Southern  Drift,  showing  how  it  differs  from  the 
Westleton  Beds  in  the  nature  of  its  included  pebbles,  which  consist 
of  flints  from  the  Chalk  with  a  Inrge  proportion  of  chert  and  ragttioue 
from  the  Lower  Qreensand,  while  there  is  a  total  absence  of  the 
Triassic  pebbles  and  Jurassic  debris  characterizing  the  Northern 
Drift  He  traced  the  drift  through  Kent,  Surrey,  Berkshire,  and 
Hampshire,  and  described  its  mode  of  occurrence. 

Another  preglacial  gravel  was  then  discussed  under  the  title  of  the 
Brentwood  group,  and  its  age  was  admitted  to  be  doubtful. 

The  author  then  entered  into  an  inquiry  as  to  the  early  physio- 
graphical  conditions  of  the  Wealden  area,  and  gave  reasons  for 
supposing  that  a  hill-range  of  some  importance  was  formed  in  the 
Pliocene  period  after  the  deposition  of  the  Diestian  beds.  From  the 
denudation  of  this  ridge,  he  supposes  that  the  material  was  furnished 
for  the  formation  of  the  Southern  Drift,  which  may  have  been  de- 
posited partly  as  detrital  fans  at  the  northern  base  of  the  range. 

The  relation  of  the  Southern  Drift  to  the  Westletoii  S^\u^^  ^tA 
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other  preglacial  gravels  was  oonsidered,  and  the  Westleton  Beds 
were  referred  to  a  period  subsequent  to  that  of  the  formation  of  the 
Southern  Drift. 

The  influence  of  the  meeting  of  the  earlier  Wealden  axis  with  that 
of  the  folding  which  produced  the  escarpments  of  central  England 
was  discussed,  and  it  was  suggested  that  the  result  would  be  the 
genesis  of  the  Thames-valley  and  river. 

The  following  summary  gives  the  results  of  the  author's  inquiry 
as  developed  in  the  other  parts  of  the  paper.    He  holds : — 

1.  That  the  Westleton  shingle  ranges  from  Suffolk  to  Oxfordshire 
and  Berkshire,  rising  gradually  from  sea-level  to  600  feet. 

2.  That  the  lower  Tertiary  strata  were  coextensive  with  this 
shingle. 

3.  That  the  upraising  of  the  Westleton  sea-floor,  with  its  shingle, 
preceded  the  advance  of  the  glacial  deposits,  and  that  the  latter 
became  discordant  to  the  former  when  traced  westward,  occupying 
valleys  formed  after  the  rise  of  the  Westleton  Beds. 

4.  That  the  Tertiary  strata  and  Westleton  Beds  on  the  north 
border  of  the  Chalk-basin  were  continuous  until  the  insetting  of  the 
Glacial  period,  when  they  were  broken  through  by  denuding  agencieB. 

5.  That  none  of  the  present  valleys  on  the  north  of  the  Thames 
Tertiary-basin  date  back  beyond  the  Preglacial  period. 

0.  That  the  same  date  may  be  assigned  to  the  Chalk-,  and  pro- 
bably to  the  Oolite-escarpments. 

7.  That  in  the  Thames-basin,  besides  the  Northern  Drift,  there  is 
a  Southern  Drift  derived  from  the  Lower  Greensand  of  the  Wealden 
area,  and  from  the  Chalk  and  Tertiary  strata  formerly  extending 
partly  over  it. 

8.  That  during  the  Diestian  period  the  Weald  was  probably  partly 
or  wholly  submerged,  and  that  between  this  and  the  insetting  of 
the  Glacial  period,  the  Wealden  area  and  the  Boulonnais  underwent 
upheaval,  resulting  in  the  formation  of  an  anticlinal  range  from  2000 
to  3000  feet  high. 

9.  That  from  the  slopes  of  this  range  the  materials  of  the  Southern 
Drift  were  derived,  and  spread  over  what  is  now  the  south  side  of 
the  Thames  basin. 

10.  That  this  denudation  commenced  at  the  time  of  the  Red  Crag, 
and  went  on  uninterruptedly  through  successive  geological  stages. 

11.  That  consequently,  though  the  Southern  Drift  preceded  the 
Westleton  shingle,  the  two  must  at  one  time  have  proceeded  syn- 
chronously. 

12.  That  the  valley-system  of  the  Wealden  area  dates  from 
Pliocene  times, — the  initial  direction  of  the  transverse  valleys  from 
Preglacial  times, — and  of  the  longitudinal  valleys  from  Glacial  times. 

13.  That  the  Thames  basin  results  from  the  elevation  of  the  Weald 
and  the  flexures  of  the  Chalk  and  Oolites  of  the  Midland  counties, 
and  dates  from  a  period  subsequent  to  the  Westleton  Beds. 

14.  That  the  genesis  of  the  Lower  Thames  similarly  dates  from 
early  Pleistocene  times,  whilst  its  connection  with  its  upper  tribu- 
taries and  the  Isis,  which  possibly  flowed  previously  north-eastward, 
took  place  at  a  rather  later  period. 


••"J 
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m.— Marcb  12,  1890.— J.  W.  Hulke,  Esq.,  F.R.&,  Vioe-Presiaent, 
in  the  Chair. — The  following  oommaiiications  were  read  : — 

1.  "  On  a  Deep  Channel  of  Drift  in  the  Valley  of  the  Cam, 
Essex.'*     By  W.  Whitaker,  Esq.,  B.A.,  F.B.S.,  F.G.S. 

In  Scotland  and  in  Northern  England  long  and  deep  channels 
filled  with  Drift  have  heen  noticed,  but  not  in  Southern  England. 

For  some  years  one  deep  well-section  has  been  known  which 
showed  a  most  unexpected  thickness  of  Glacial  Drift  in  the  higher 
part  of  the  valley  of  the  Cam,  where  that  Drift  occurs  mostly  on  the 
higher  grounds  and  is  of  no  very  great  thickness.  Lately,  further 
evidence  has  come  to  hand,  showing  that  the  occurrence  in  question 
is  not  confined  to  one  spot,  but  extends  for  some  miles.  The  beds 
found  are  for  the  most  part  loamy  or  clayey. 

At  the  head  of  the  valley  various  wells  at  Qnendon  and  Bickling 
show  irregularities  in  the  thickness  of  the  Drift,  the  Chalk  coming 
to  or  near  the  surface  in  some  places,  whilst  it  is  nearly  100  feet 
below  it  sometimes. 

Further  north,  at  Newport,  we  have  the  greatest  thickness  of 
Drift  hitherto  recorded  in  the  South  of  England,  and  then  withotit 
ranching  the  base.  At  one  spot  a  well  reached  Chalk  at  75  feet; 
whilst  about  150  feet  off  that  rock  crops  out,  showing  a  slope  of  the 
Chalk-surface  of  1  in  2.  In  the  most  interesting  of  all  the  wells, 
after  boring  to  the  depth  of  340  feet,  the  work  was  abandoned 
without  reaching  the  Chalk,  the  Drift  in  this  case  reaching  to  a 
depth  of  about  140  feet  below  the  level  of  the  sea,  though  the  place 
is  far  inland.  The  Chalk  crops  out  about  1000  feet  eastward,  and 
at  but  little  lower  level,  so  that  there  is  a  fall  of  about  1  in  3  over  a 
long  distance. 

At  and  near  Wenden  the  abrupt  way  in  which  Drift  comes  on 
against  Chalk  has  been  seen  in  open  sections.  Two  wells  have 
shown  a  thickness  of  210  and  296  feet  of  Drift  respectively;  and  as 
the  Chalk  comes  to  the  surface,  at  a  level  certainly  not  lower,  only 
140  yards  from  the  latter,  the  Chalk-surface  must  have  a  slope  of  I 
in  less  than  1^,  and  this  surface  must  rise  again  on  the  other  side,  as 
the  Chalk  again  crops  out.  The  Drift  here  reaches  to  a  depth  of  60 
or  70  feet  below  the  sea-level. 

At  Littlebury,  in  the  centre  of  the  village,  a  boring  218  feet  deep 
has  not  pierced  through  the  Drift,  which  reaches  to  60  feet  below 
the  sea-level.  As  in  a  well  only  60  yards  west  and  slightly  higher, 
the  Chalk  was  touched  at  6  feet,  there  must  here  be  a  fall  of  the 
Chalk-surface  of  about  1*2  in  1.  Eastward  too,  on  the  other  side  of 
the  valley,  the  Chalk  rises  to  the  surface. 

The  places  that  have  been  mentioned  range  over  a  distance  of  6 
miles.  How  much  further  the  Drift-channel  may  go  is  not  known, 
neither  can  we  say  to  what  steepness  the  slope  of  the  underground 
Chalk -surface  may  reach  ;  the  slopes  given  in  each  case  are  the 
lowest  possible. 

The  author  thinks  that  the  channel  has  been  formed  by  erosion 
rather  than  by  disturbance  or  dissolution  of  the  Chalk. 
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2.  ''  On  the  Monian  and  Basal  Cambrian  Bocks  of  Shropshire." 
By  Prof.  J.  F.  Blake,  M.A.,  F.G.S. 

In  a  previous  paper  the  author  had  suggested  that  the  Longmynd 
rocks  were  referable  to  the  Upper  Monian.  He  now  finds  that  they 
are  divisible  into  two  groups,  of  which  the  lower  only  can  be  thus 
referred. 

This  lower  group  is  divisible  into  five  parts : — 1.  Dark  Shales ; 
2.  Banded  Series;  3.  Purple  Slates ;  4.  Hard  Grey wackes;  5.  Pale 
Slates  and  Grits.  These  are  shown  to  have  a  real  dip  to  the  west, 
and  not  to  be  thrown  into  any  folds.  It  is  in  these  only  that  fossils 
have  been  found.  The  lowest  dark  shales  are  not  basal  rocks,  nor 
derived  from  the  eastern  volcanic  series. 

The  junction  of  the  upper  group,  which  represents  the  true 
Cambrian,  is  unconformable,  as  shown  by  detailed  stratigraphy.  It 
consists  of  three  members,  the  middle  one  being  slates  which  die  out 
northwards.  There  is  neither  synclinal  nor  anticlinal  fold,  but  a 
regular  sequence  and  dip  ;  and  pale  slates  follow  on  the  west.  The 
base  is  brought  into  connexion  with  each  division  of  the  lower  series 
except  No.  2.  The  conglomerates  contain  : — 1.  Quartz ;  2.  Rhyo- 
lites ;  3.  Gneissic  rocks ;  4.  Slates  like  those  of  the  underlying 
group.  Tlie  supposed  Archaean  masses  on  the  western  border  are 
non-existent,  being  intrusive  and  transgressive  igneous  rocks. 

The  volcanic  group  on  the  east  is  not  bounded  by  the  main  fault, 
the  dark  shales  lying  to  the  east  of  that  fault.  Evidence  is  given 
that  the  volcanic  rocks  have  been  protruded  through  these  bhales, 
which  they  have  altered.  The  £urite  of  the  Wrekin  is  of  later  date, 
and  the  only  possible  older  rocks  are  the  Rushton  Schists  and 
the  fragments  of  schistose  rocks  on  Primrose  Hill. 

At  several  places  patches  of  red  grit  and  conglomerate  are  seen 
on  the  Volcanic  hills ;  these  are  referred  to  the  Cambrian,  and  their 
connexion  also  with  earlier  conglomerates  forming  part  of  the 
Volcanic  series  is  suggested.  The  Cambrian  quartzite  is  later  than 
all  these,  but  may  be  synchronous  with  the  upper  part  of  the 
western  Grits. 

The  Volcanic  rocks  are  not,  therefore,  Middle  Monian,  as  formerly 
supposed,  but  represent  the  interval  between  Monian  and  Cambrian. 
If  classed  with  either,  the  author  inclines  rather  to  place  them  with 
the  Cambrian,  in  spite  of  the  unconformity  of  the  quartzite.  He 
regards  them  as  probably  the  equivalents  of  the  Bangor  Series,  and 
possibly  of  the  St.  David's  Volcanic  Group.  If  this  classification 
be  adopted,  then  the  Moninn  system  will  be  entirely  separated  from 
the  Pebidian,  and  be  established  on  distinct  and  independent  obser- 
vations. 

3.  "  On  a  Crocodilian  Jaw  from  the  Oxford  Clay  of  Peter- 
borough."    By  R.  Lydekker,  Esq.,  B.A.,  F.G.S.,  etc. 

The  symphysis  of  the  mandible  of  a  Thecodont  Reptile  obtained 
by  Mr.  Leeds  from  the  Oxford  Clay  near  Peterborough  was  'lescribed 
by  the  author,  and  reasons  were  given  for  referring  it  to  the  Cro^o- 
dilia  rather  than  to  the  Sauropterygia.  An  imperfect  skull  found  by 
Mr.  Leeds  in  the  same  formation  at  Peterborough  appears  to  belong 
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to  the  same  form  as  the  mandible,  and  shows  that  the  latter  oannot 
be  referred  to  Machimo^auruB, 

Aftei  reviewing  the  whole  of  the  evic!ence,  the  author  ooncluded 
that  he  was  dealing  with  a  Crooodilian  allied  to  Metriorhyttchua,  but 
formiog  the  type  of  a  new  genus,  to  which  he  gave  the  name  of 
Suchodus^  adding  the  specific  name  of  durobriveneis. 

4.  "  On  two  new  Species  of  Labyrinthodonts."  By  R.  Lydekker, 
Esq.,  B.A.,  F.Q.S.,  eto. 

The  right  ramus  of  the  lower  jaw  of  a  Labyrinthodont,  from  the 
Lower  Carboniferous  of  Gilmerton,  near  Edinburgh,  is  regarded  as 
referable  to  the  Permian  genus  Macromerum,  and  it  is  proposed  to 
describe  it  as  M.  acoHcum, 

Another,  mandible  from  the  Karoo  system  of  South  Africa  is 
referred  to  the  American  Permian  genus  £ryop8  under  the  name 
of  E.  OweHu 


THE  CRYSTALLINE  SCHISTS  OF  THE  LEPONTINE  ALPS. 

Sir, — To  the  abstract  of  my  paper  on  "  The  Crystalline  Schists 
and  their  Relation  to  the  Mesoasoic  Rocks  in  the  Lepontine  Alps," 
read  before  the  Geological  Society  on  January  22nd,  and  reprinted  in 
the  last  Number  of  this  Maqazine,  has  been  appended  a  long  letter 
written  by  Dr.  Heim  in  anticipatory  critici8m,  which  was  read  duiing 
the  discussion.  As  the  printing  of  that  letter  in  extenso  appears  to  me 
to  be  a  feature  even  more  novel  in  your  Magazine  than  it  is  in  the 
Abstracts  of  the  Geological  Society,  I  request  space  for  the  following 
remarks  : — 

1.  I  must  leave  to  casuists  more  experienced  than  myself  the  task 
of  reconciling  certain  parts  of  that  letter  (as  to  what  has  been  said 
by  Swiss  geologists)  with  the  paper,  presented  by  Dr.  Heim  to 
the  International  Geological  Congress  in  1888.  After  comparing 
them,  I  can  only  put  the  old  question,  *'  What  then  does  Dr.  Heim 
mean  ?  " 

2.  The  Carboniferous  rocks  of  the  Alps  were  only  incidentally 
mentioned  in  my  paper.  But  I  know  something  of  these  also,  and 
bhall  be  surprised  if  it  can  be  proved  that  any  sedimentary  rocks  of 
this  age  have  been  converted  into  true  crystalline  schists,  or  that  the 
"  Calamite-like  trunk  from  Guttanen''  (which  I  have  seen)  occurs 
in  a  gneiss. 

3.  lu  regard  to  the  *'  crystalline  schistose  rocks  "  of  Mesozoic  age, 
in  which  it  is  stated  that  Belemnites  occur  with  staurolites,  garnets, 
etc., — rocks  which  are  now  said  not  to  be  true  crystalline  schists — I 
have  only  to  remark  that  the  whole  aim  of  my  paper  was  to  show 
that  the  rocks  with  garnet,  staurolite,  etc.,  were  true  crystalline 
schists,  that  they  were  totally  distinct  from  the  schistose  rocks  with 
fossils,  that  the  former  were  below  not  above  the  (Triassic)  rauch- 
wacke,  in  which  some  of  their  members  actually  occur  as  frag- 
ments, that   the   Belemnite-beariug  rucks  have  only  a  ^vx^^t^^vdX. 
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reseTDblance  to  the  schists  with  garnet  and  staurolite,  and  that  the 
authigenous  minerals  in  them  are  neither  garnet  nor  staurolite,  but 
some  impure  hydrons  silicates.  Dr.  Heim*s  letter  merely  asserts  the 
contrary  to  my  contentions,  without  adducing  any  fresh  evidence. 

T.  G.  BONNKY. 

THE  CULM-MEASdRES  AT  BUDE,   NORTH  CORNWALL. 

Sir, — I  have  read  with  much  interest  the  paper  by  Major-General 
McMahon  on  the  rocks  at  Bude.  During  one  of  two  summer 
visits  to  Tintagel  I  made  a  short  stay  at  Bude,  and  saw  the 
extremely  contorted  strata  so  well  described  in  the  paper  referred 
to.  Like  the  author  of  that  paper,  1  was  desirous  of  seeing  what 
amount  of  metamorphism  had  resulted  from  so  much  pressure  and 
dislocation,  but  expecting  to  pay  a  longer  visit  I  took  away  only 
two  specimens.  These  were  taken  from  two  layers,  a  few  inches 
apart,  of  a  very  sharp  fold  exposed  in  a  cove  a  little  way  south  of 
Bude  Haven, — I  think  it  was  "Efiford  Ditch."  One  of  the  layers 
WHS  darker  in  colour,  much  softer,  and  more  laminated  than  the 
other. 

If  any  conclusions  may  be  drawn  from  so  limited  a  stock  of 
material  (and  macrosoopically,  at  least,  my  specimens  appeared  fairly 
representative  of  many  of  the  rocks  in  this  and  other  clififs  of  the 
district),  the  rocks  of  Bude  are  entitled  to  complain  that  they  have 
been  made  to  appear  as  being  less  appreciative  of,  and  as  making 
less  return  for,  the  large  amount  of  force  expended  on  them  than  is 
really  the  case. 

The  microscope  shows  the  general  structure  and  composition  of  my 
specimens  to  be  exactly  as  described  by  Major-General  McMahon ; 
but  a  close  study  of  very  thin  portions  of  slides,  under  high  powers, 
shows  a  good  deal  more,  especially  in  the  harder  of  the  two  layers. 

In  among  the  unaltered  original  clastic  material  may  be  seen  a 
considerable  amount  of  rutile,  perfectly  distinct  from  any  bits  of  that 
mineral  which  may  have  come  from  older  rocks.  There  are  large 
numbers  of  acicular  crystals  of  it,  vividly  polarizing,  as  well  as 
countless  minute  dark  rods,  so  well  shown  in  many  slates,  etc.  It 
is  also  present  in  grains  and  granular  aggregates,  and  in  plates, 
some  of  them  of  relatively  large  size.  The  total  amount  of  it  varies 
much,  even  in  slides  from  the  same  small  piece,  but  it  is  alwajs 
considerable,  and  in  one  slide  from  the  harder  layer  of  rock  it  is 
particularly  abundant.  This  slide  also  shows  a  good  many  long 
crystals  of  tourmaline  (quite  distinct  from  the  clastic  grains  of  that 
mineral)  and  a  good  deal  of  secondary  sericitic  mica,  some  of  it  rich 
in  rutile  crystals.  Indeed,  parts  of  this  slide  at  once  remind  one  of 
some  of  the  sericite-phyllites  of  the  Tintagel  rocks,  in  which  the 
rutile  occurs  in  just  the  same  manner ;  and  comparisons  of  the  two 
leave  little  doubt  that  some  at  least  of  the  Bude  strata  have  made  a 
good  start  towards  the  metamorphism  which  is  so  intense  at 
Tintagel. 

Of  course  it  may  be  that  my  two  specimens  are  exceptional,  and  that 
Major-General  McMahon  did  not  chance  on  these  or  similar  layers. 


\  -vJ 
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But  in  any  case,  even  thoagh  these  specimens  show  that  all  the 
Bude  rocks  are  not  without  distinct  evidence  of  metamorphio  action, 
it  is  still  true  that  the  effect  produced  is  not  in  anything  like  the 
proportion  we  might  expect,  from  the  stresses  endured  by  these  beds. 

I  am  not  able  to  follow  some  of  the  reflections  which  Major- 
General  McMahon  bases  on  the  supposed  total  absence  of  alteration 
at  Bude. 

Hallock's  experiments  (as  quoted),  and  still  more  Hallock's  con- 
clusion from  them,  seem  to  be  beside  the  mark.  It  is  not  generally 
supposed  that  pressure  is  able  to  liquefy  rocks, — quite  the  reverse  in 
fact, — and  there  does  not  seem  to  be  any  justification  for  saying  that 
'*  consequently "  no  chemical  or  mineraiogical  changes  are  to  be 
expected. 

Again,  Spring's  experiments  are  admitted  to  have  proved  that 
pressure  can  produce  chemical  combinations  and  re-arrangements ; 
and  nothing  that  was  done  by  '*  Professor  Spring's  pestle  and 
mortar  "  would  be  lacking  in  the  intermixture  of  minute  particles  of 
minerals  in  the  fine  silt  of  which  these  Bude  rocks  and  similar 
strata  are  largely  composed.  There  is  no  call  here  for  rocks  to  be 
'*  crushed  and  ground  to  pieces  by  irresistible  geological  disturb- 
ances." AH  the  crushing  and  grinding  has  been  done  in  the 
gentlest  and  quietest  way,  and  the  resulting  material  has  but  to 
lie  and  await  the  pressure. 

Whether  pressure,  with  or  without  movement,  is  in  itself 
sufficient  to  intensely  metamorphose  sedimentary  rocks,  is  another 
question. 

And,  if  it  is  sufficient,  there  is  still  much  room  for  inquiry  and 
speculation  as  to  why  it  acts  ho  comparatively  feebly  at  one  place 
and  so  very  intensely  a  few  miles  away,  when,  so  far  as  can  be 
judged  from  the  rocks,  the  feebler  metamorphism  has  by  no  means 
corresponded  to  feebler  stresses. 

2^ewca8tle-on-Tyne,  W.  Maynard  Hutohinos. 

March  lOth,  1»U0. 

COXTORTIOX  AND   METAMORPHISM. 

Sir, — General  McMahon's  "  Notes  on  the  Culm-measures  at  Bude  " 
in  the  March  Number  of  this  Magazine  (p.  106)  form  a  welcome 
contribution  to  the  petrology  of  the  district,  and  have  a  particular 
interest  as  indicating  the  probable  derivation  of  the  strata  in  question 
from  the  destruction  of  granitic  rocks.  The  fact  that  the  Culm- 
measures  are  much  contorted  without  having  experienced  any  ap- 
preciable mineraiogical  changes  seems,  however,  to  have  only  a 
limited  bearing  on  the  general  question  of  metamorphism  by  pressure. 

Adopting  the  familiar  treatment  employed  by  Thomson  and  Tait, 
we  may  usefully  resolve  any  system  of  strains  into  (i)  a  uniform 
voluminal  compression  and  (ii)  certain  shears.  The  term  shear  is 
here  used  in  its  strict  sense,  viz.  deformation  apart  from  change  of 
volume,  and  it  is  evident  that  the  varying  amounts  of  shearing  from 
point  to  point  within  the  mass  express  themselves  completely  in  the 
contortion  of  the  rocks  affected,  faulting  being  reg^td^d  iot  \Xi\^ 


190  Correspondence — Mr,  Alfred  Harker. 

parposo  as  a  partionlar  case  of  contortion.  In  like  manner  the  cor- 
related stresses  resolve  into  (i)  a  uniform  pressure  and  (ii)  certain 
shearing  stresses.  The  energy  set  free  consista  of  two  parts ; 
(i)  that  due  to  compression,  measured  by  the  product  of  the  uniform 
pressure  into  the  relative  compression,  and  (ii)  that  due  to  shearing, 
measured  by  the  products  of  the  shearing  stresses  into  the  amounts 
of  the  corresponding  shears.  The  total  energy  thus  set  free,  except 
in  so  far  as  it  is  lost  by  conduction  of  heat,  must  be  absorbed  in  the 
production  of  mineralogical  changes.  Rocks  are  known  to  be  very 
bad  conductors  of  heat,  but  the  amount  of  energy  lost  in  this  way 
must  vary  with  circumstances,  time  being  an  important  factor. 

Again,  viewing  the  strains  and  stresses  in  a  rock-mass  with 
reference  to  the  external  forces  that  produce  them,  it  is  essential  to 
notice  that  the  voluminal  compression  and  uniform  pressure  depend 
upon  the  stim  of  the  forces  acting  in  different  directions  (e,g,  vertically 
and  horizontally)  while  the  shears  and  shearing  stresses  depend 
upon  the  differences  of  those  forces.  We  may,  for  example,  picture 
a  mass  of  rocks  subjected  to  a  lateral  thrust  and  to  the  weight  of 
overlying  rocks.  If  the  mass  be  situated  at  no  great  depth,  the 
latter  force  may  be  very  much  less  than  the  former,  and  considerable 
shearing  may  be  pr6duced  if  the  material  be  not  a  very  rigid  one, 
or  if  the  thrust  be  of  long  daration ;  for  shearing  is,  within  limits, 
proportional  to  the  time.  The  pressure  and  the  total  energy  set  fr«^ 
may  or  may  not  be  very  great,  and  under  a  comparatively  small 
cover  of  rocks  much  of  the  energy  must  be  lost  by  conduction.  It 
is  thus  easy  to  imagine  conditions  under  which  any  amount  of  con- 
tortion may  be  produced  without  any  metamorphism  of  the  rocks 
so  affected. 

If  the  same  lateral  thrust  operate  upon  a  rock-mass  at  a  greater 
depth  beneath  the  surface,  it  will  be  more  nearly  balanced  by  the 
weight  of  the  cover,  and  so  the  compression  and  pressure  will  be 
greater,  but  the  shears  and  shearing  stresses  less.  The  total  energy 
set  free  will  be  greater,  and  there  will  be  less  loss  by  conduction. 
We  may  thus  have  metamorphism  produced  with  or  without  con- 
tortion. 

In  the  case  of  rocks  at  a  depth,  too,  the  time-element  must  be  im- 
portant The  rigidity  of  the  mass  being  there  materially  diminished 
— this,  at  least,  is  generally  admitted — there  must  be  a  tendency  to 
propagate  pressure  uniformly,  as  in  a  liquid.  If  this  property  hold 
good  to  any  extent,  shearing  stresses  cannot  be  set  up  unless  the 
disturbing  forces  increase  comparatively  suddenly.  However  this 
may  be,  it  appears  that  the  contortion  of  rocks  cannot  afford  an 
accurate  measure  of  the  forces  which  have  produced  it,  and  that 
contortion  and  dynamo-metamorphism,  though  due  to  the  same 
ultimate  cause,  are  by  no  means  necessarily  associated  in  the  same 
place.  One  or  the  other  phenomenon  may  occur  alone,  or  both 
together,  in  accordance  with  complex  conditions,  such  as  the  depth 
of  the  cover,  the  rigidity  of  the  rocks  affected,  and  the  slowness  or 
j-apidity  of  development  of  the  disturbing  forces. 

General  McMahon  apparently  calls  in  question  the  experimental 
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esearobes  of  M.  Spring  and  others  on  the  physical  and  chemical 
hanges  produced  by  the  action  of  high  pressures.  It  seems  rather 
ather  late  in  the  day  to  take  this  position,  bat  the  subject  is  too 
?ide  to  be  discussed  here.  The  Belgian  physicist,  too,  is  well  able 
0  defend  himself :  witness  his  reply  to  the  American  critic  cited  by 
General  McMahon.  Alfbed  Habkkb. 

St.  John's  CollxoS)  Cambridob. 

C0CC08TEU8  LECIPIBNS. 

Sib, — In  a  very  important  paper  on  the  stmcture  of  CoeeoBteuB 
iecipiens,  Ag.,  Dr.  Traquair  has  recently  remarked  (Ann.  &  Mag.  Nat. 
Qist.  [6]  vol.  V.  p.  125)  that  he  suspects  I  have  mistaken  the  lateral 
margin  of  the  interlatend  plate  for  a  pectoral  spine  in  my  descrip- 
tion of  Coeeoateus,  and  he  feels  justified* in  asserting  that,  if  such  a 
pectoral  swimming  organ  does  really  exist  in  C.  Bickensis,  that 
species  cannot  be  referred  to  Coceosieus,  in  which  no  such  appendage 
is  present. 

In  reply,  I  must  repeat  that  there  occurs  a  hollow,  triangnlar, 
bony  spine,  filled  with  calo  spar,  quite  distinct  from  the  other  plates. 
Apart  from  this  spine,  C.  Bickenaia  agrees  so  well  with  undoubte<l 
species  of  Cocc^ateua,  that  I  am  inclined  to  regard  Dr.  Traquair's 
statement  cited  above  as  not  yet  beyond  question ;  and  although  a 
similar  pectoral  organ  has  not  yet  been  recognized  in  Scottish 
specimens,  it  is  quite  likely  it  may  still  be  found.  I  am  all  the 
more  confirmed  in  this  opinion  since,  according  to  Dr.  Traquair,  the 
sclerotic  ring  appears  to  exist  only  in  one  specimen  from  Gamrie  in 
the  Edinburgh  Museum,  while  it  is  rather  common  in  my  German 
specimens.  The  pectoral  spine  is  much  more  rarely  seen  in  my 
fossils  than  the  sclerotic  ring,  and  I  am  thus  not  astonished  that  it 
should  hitherto  have  escaped  observation  in  the  Scottish  examples  of 
Coccoateus.  Finally,  I  would  add  that  the  spine  in  C,  Bickenais 
attained  a  length  of  55mm.  (fig.  12  of  my  paper  on  Placoderms),  but 
the  end  is  wanting,  the  impression  of  it  being  retained  on  the  rock. 
It  is  therefore  not  shorter,  but  much  longer  than  in  the  restoration 
of  Brachydeirus  inflatua, 

I  may  add  that  my  specimens  are  exposed  in  the  Boyal  Geological 
Mnsenm  here  at  Gottingen,  and  may  be  examined  by  any  one 
interested  in  the  subject  A.  von  Koenen. 

GoTTiNOXN,  March  12M,  1890. 

TIDAL  ACTION. 

Sir, — As  tidal  action  has  been  called  in  of  late  in  your  pages  to 
assist  if  possible  in  solving  the  riddle  of  the  Triassic  sandstones  and 
conglomerates,  it  may  be  well  to  point  out  one  line  of  evidence 
which  seems  to  have  been  overlooked  by  the  supporters  of  the  tidal 
theory,  t.e.  the  zoological. 

Mr.  Mellard  Reade  writes  as  follows  in  the  Philosophical  Maga- 
zine, vol.  XXV.  p.  342  : — "  Although  it  is  on  the  littoral  margins  and 
the  shallow  seas  opening  into  the  oceans  that  the  resistless  force  of 
the  tides  is  most  obvious,"  etc.,  etc.^ 

^  See  Mr.  Mellard- Ecade's  Article  in  tluB  ^'^umber,  mpra^  p.  157  .—Ed.  OiLO'L.l&.^a . 
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The  English  Channel  is  an  excellent  test  case.  It  is  shallow  and 
opens  full  into  the  Atlantic  Ocean.  It  lies  east  and  west,  and  accord- 
ingly offers  no  impediment  to  the  free  play  of  the  currents  generated 
by  the  tidal  wave  which  runs  from  east  to  west. 

K  unchecked  tidal  currents  are  anywhere  resistless,  they  should 
be  BO  here.  Do  these  tidal  currents  disturb  the  gravel,  or  sand  or 
even  the  mud  on  the  Channel  bottom  ?  The  marine  fauna  of  the 
district  answers  this  question  with  an  emphatic  negative. 

It  is  generally  admitted  that  very  few  molluscs  can  exist  in  an 
area  of  shifting  sand,  and  the  denizens  of  the  Channel  bottom  are 
not  of  the  number.  They  are,  it  is  true,  wonderfully  provided 
with  diverse  defences  against  currents  of  a  peculiar  nature,  viz.  the 
alternating  currents  set  up  by  waves ;  but  even  these  must  not  be 
too  violent,  or  the  molluscs  will  perish  by  the  million,  as  indeed 
they  often  do  from  this  cause  alone. 

Geologists  interested  in  the  question  of  denudation  and  distribution 
by  tides  and  waves  will  be  familiar  with  Delesse's  "  Lithologie  dn 
Fond  des  Mers,"  and  the  admirable  atlas  accompanying  that  volume. 
If  they  will  turn  to  Map  2,  they  will  note  that  the  area  of  the 
English  Channel  most  frequented  by  shells  extends  from  west  of 
the  Land's  End  to  Ushant,  and  up  the  centre  of  the  Channel  to  a 
point  ofif  Exmouth  ;  with  another  large  sandy  area  of  shells  west  of 
Ushant  These  are  precisely  the  localities  where  we  might  expect 
the  tidal  currents  to  make  a  clean  sweep  of  the  Channel  bottom,  but 
nothing  of  the  sort  occurs.  The  presence  of  this  Molluscan  fauna 
in  these  very  exposed  localities  is  good  proof  that  unchecked  tidal 
currents  sweeping  over  a  fairly  level  sea-bottom  are  incapable  by 
their  own  unassisted  efforts  of  raising  the  sand  ;  a  glance  at  the  map 
will  show  that  they  cannot  even  wash  away  the  mud. 

This  being  my  special  craze,  and  having  noted  observations  and 
experiments  thereon  for  many  years,  on  shore  and  afloat,  I  could 
fortify  my  position  at  such  length  as  would  insure  this  letter  finding 
a  place  in  the  editorial  waste-paper  basket,  so  I  refrain. 

One  word  in  conclusion — would  Mr.  Mellard  Beade  give  his 
reasons  for  believing  that  waves  ever  cause  surface  particles  in  deep 
water  to  move  in  "  an  ellipse,  not  very  different  from  one  having 
the  longer  axis  vertical "  ?  I  have  heard  this  stated  by  a  lecturer, 
who  drew  a  vertical  ellipse  on  the  blackboard  like  the  long  eye  of 
a  bodkin ;  but  I  have  never  seen  the  statement  in  print  except  in 
Mr.  Mellard  Reade's  paper  above  referred  to  (p.  338). 

SovTHnrooD,  Torquay.  Arthub  K.  Hunt,  F.L.S. 


3i>j:iscEXiXi.A.2^EO"crs. 

Thb  Discovery  of  Coal  at  Suakesperk's  Cliff. — In  February 

last  Prof.  W.  Bojd  Dawkins,  F.R.S.,  announced  that  Coal  had  been  reached  in  the 
experimental  boring  near  Dorer.  A  seam  of  coal  of  good  bituminous  character  was 
reached  at  1180  feet  from  the  surface,  3  feet  6  inches  in  thickness,  with  a  4  inch 
parting  of  shale  and  sandstone  in  the  middle.^  The  boring  is  to  be  continued  for 
another  1000  feet,  if  necessary,  to  ascert^n  whether  other  beds  of  workable  coal 
exist  at  a  lower  le?eL 

^  An  oil-shale  is  also  mentioned. 


LiecadellLVoJ.ra 


^yf  •       T.m  ft  s* 
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I. — Notes  on  the  Palxontoloot  of  Webtern  Aubtb&lia. 
ICeiilmued  fr-m  tit  jipril  NuHii4r,  p.  155.) 

1.  Sthokatopoboidu.    By  Prof.  H.  A,  Nicholson,  H.D.,  F.G.B. 

2.  COHAU  AND  POLTIOA.      Bj  GlOROB  J.  HiNDB,  Ph.D.,  F.U.8. 

[PLATE3    VIII.   AMD   Vin.A] 

1.  Stbomatoporoidea.   By  Prof.  H.  A.  Nicholson,  M.D.,  F.Q.S. 

AcTiNOSTKoHA   glathbatvm,  Nich.     Plate  VIII.  Figs.  8a,  86. 

Aaawlri/iiia  clatliriliim,  Kkh.,  Aiin.  Xat.  Hirt.  ler.  fi.  vol.  xvii.  p.  228,  pi.  vi. 

lifTS.  1-3 ;  and  Monnifr.  liril.  Sttum.  I'nl.  Soc.  p.  lai,  pi.  i.  figj.  8-13,  and 

pi.  lii.  figa.  1-5,  1889. 
Tlie  Bpecimen  bere  figured  is  a  typical  example  of  Aelinoslroma 
^atliratiim.  In  all  its  general  characters,  aiiil  particularly  in  the 
ie;i:iilar  development  of  the  radial  pillars  and  the  preeenoe  of 
email  aatrorhizre,  it  reaembles  the  Bpecimens  from  ttie  Middle 
Dpvcmifin  of  Germany,  wliioli  may  be  regarded  ati  the  normal  form 
of  the  Bpecies.  Very  similar  examples,  however,  occur  in  the 
Uevoiiiai)  LimestoneB  of  Devonshire.  The  Burface  of  the  Bpeoimeii 
is  not  t>hown,  being  concealed  beneath  a  crust  of  Stromatoporella 

Loeality. — Devonian,  Rough  Range,  "oppoaite  Mt.  KriiusB." 

Sthomatoi-obella  Eipb  liens  is,  Xich.     Plate  VIII.  Figs.  In — 7c. 
SlrojiMlvporella  SifitiiniU,  Skh.,  Ann.  Nat.  Hiet.  eei.  o,  vol.  ivii.  p.  235,  pi.  riii. 
Ijgn.  6-7. 

The  specimen  here  figured  {Figs.  7a,  7fi)  is  a  small  example  of 
the  common  Slromatoporelln  Eifi-lienaia,  Nich.,  of  the  Middle  Devonian 
rocks  of  Germany;  and  Fig.  "ie  gives  a  good  general  idea  of  the 
Mpect  of  a  vertical  polished  section  as  viewed  under  a  lena.  A 
cmat  of  the  same  species  covers  the  surface  of  the  Bpecimen  of 
ActinoilTOma  clolhralitin  previously  described,  and  of  this  three 
Kctions  have  been  prepared.  Tlie  slnicturo  of  these  agrees,  in  all 
essential  respects,  with  that  of  sections  of  typicikl  examples  of 
8.  Ei/elientis  fi*om  Gerolslcin,  and  need  not  therefore  be  described 
in  detail.  It  is  a  remarkable  and  highly  iuteri'nting  fact  that 
the  Devonian  deposits  of  Western  Australia  shouhl  have  yielded 
examples  of  two  Hiicli  characteristic  Europenii  Stniinatoporoids  as 
AeliHOMtrtmia  ctathratiim  and  Stroiitaloporetl/i  Eifelieaaii. 

Loeality. — Bough  Range,  "oppOBite  Mt.  ErausB." 
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2.  Corals  and  Polyzoa.    By  Qsorge  J.  Hikde,  Fh.D.,  F.G.S. 

Genus  Amplicxus,  Sowerby. 
Amplsxus  pustulosus,  Hudleston. 

1883.  AmpUxut  puttulosuif   Hudleston,   Q.J.G.S.   vol.  xxxix.  p.  691,  pi.  xxiil 
figs.  Id-lc. 

There  are  several  compressed  and  cnished  fragments  of  this  species, 
which  agree  in  every  respect  with  the  forms  figured  by  Mr.  Hudles- 
ton,  save  that  they  have  none  of  the  surface  spines  or  nodes,  from 
which  the  species  derives  its  name.  These  processes,  however,  are 
not  essential  to  the  species,  since  they  are  not  present  on  some  of  the 
figured  type  examples,  which,  through  the  kindness  of  Mr.  Hudles- 
ton,  I  have  had  an  opportunity  of  examining.  The  specimens, 
when  uncompressed,  are  from  25  to  30  mm.  in  diameter.  There  are 
about  40  septa ;  at  the  summit  of  the  calice  they  are  2  mm.  apart, 
from  centre  to  centre  ;  lower  down  from  1*6  to  1*76  mm.  In  some 
instances  in  the  lower  portion  of  the  coral,  the  septa  become  so 
thickened  by  sclerenchyma  as  to  l)e  laterally  in  contact.  The  outer 
surface,  when  unweathered,  merely  exhibits  annulations  of  growth 
and  fine  epithecal  striae ;  the  weathered  examples  show  vertical  lines 
and  furrows,  which  are  the  exposed  exterior  margins  of  the  septa. 

Distribution. — Carboniferous  Limestone,  Qascoyne  Biver. 

Genus  Ctathophtllttm,  Goldfuss. 
Cyathophyllum  vibgatum,  Hinde,  sp.n.     Plate  VIII.  Figs,  la,  lb. 

Corals  simple  (?),  subcylindrical,  elongated,  straight  or  curved. 
About  56  septa,  half  of  which  are  long  and  reach  nearly  to  the  centre 
of  the  calice  ;  the  others  only  reach  from  one-third  to  one-half  that 
distance ;  there  are  about  five  septa  in  three  millimetres.  The 
septa  are  thick  near  their  parietal  margins,  but  somewhat  rapidly 
diminish  in  size,  and  for  the  greater  part  of  their  length  are  very 
thin.  They  are  connected  by  very  stout  dissepiments,  which  form 
a  well-marked  exterior  zone  to  the  calice.  The  wall  is  apparently 
formed  by  the  lateral  extension  of  the  septa.  The  septa  are  ap- 
parently bilaminate,  but  the  median  line  is  not  distinctly  shown  in 
sections.  The  outer  surface  of  the  coral  is  smooth  or  with  faintly- 
marked  longitudinal  ridges,  which  correspond  with  the  interspaces 
between  the  septa.  When  the  surface  is  weathered,  as  in  the 
specimen  figured  (Fig.  la),  the  exterior  margins  of  the  septa  appear 
as  vertical  lines  connected  by  the  dissepiments. 

There  are  several  imperfect  examples  of  this  species ;  the  longest 
measures  70  mm.  by  about  11  in  diameter.  One  specimen  is 
partly  covered  by  Aulopora  repens.  The  specimens  are  now  all 
simple,  but  it  is  not  impossible  that  they  may  originally  have  formed 
fasciculate,  compound  colonies,  like  those  of  Cyathophyllum  ccespilosum, 
Goldf.  Though  the  character  of  the  septa  in  this  and  the  next 
species  corresponds  with  that  of  the  typical  forms  of  the  genus,  it 
is  doubtful  whether  the  wall  in  these  Australian  forms  is  structurally 
similar  to  the  Eifelian  types ;  it  is  relatively  much  thicker  than  those 
with  which  I  have  been  enabled  to  compare  it 
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Distribution, — Devonian  (?).  Opposite  Mount  Krauss,  Kiinberley 
District     Also  from  the  Qascoyne  Biver. 

Ctathophyllum  DEPBE88UM,  Hindo,  sp.n.     Plate  VIII.  Figs.  2a,  26. 

Corallum  oomponnd,  consisting  of  several  subcylindrical  coral lites 
^wing  from  a  simple  base :  the  individuals  are  for  the  most  part 
free  ;  when  full-grown,  about  17  mm.  in  diameter.  There  are  about 
58  septa,  alternately  large  and  small ;  some  of  the  larger  extend  to 
the  centre  of  the  calioe,  and  slightly  curve  round.  The  parietal 
margins  of  the  septa  are  very  thick,  and  there  is  an  outer  zone  of  thick 
dissepiments.  The  wall  and  septa  of  the  same  character  as  in  the 
preceding  species,  from  which  it  is  distinguished  by  its  mode  of 
growth,  the  larger  size  of  the  oorallites,  and  the  stouter  septa. 

Distribution.  —  Devonian?  Opposite  Mount  Krauss^  Kimberley 
District.  Another  fragmentary  specimen,  partly  incrusted  by 
Siromatoporella  Eifeliensis,  Nicholson,  is  labelled  from  the  Oascoyne 
Biver. 

Grenus  Plebophtllum,'  Hinde,  gen.  nov. 

Syn.  (?)  Pentaphyllumy^  De  Koninck,  1872,  preoccupied  in  1821  for 

a  genus  of  Coleoptera. 

Generic  Characters. — Simple,  conical,  turbinate  or  subcylindrical 
corals,  with  deep  calices.  There  are  usually  five  prominently 
developed  septa  (in  some  species  only  four),  which  reach  nearly  to 
the  centre  of  the  calice ;  the  other  septa  are  subequal.  In  the  species 
with  five  prominent  septa,  the  cardinal  septum  is  small  and  is 
boaoded  on  either  side  by  a  large  septum,  and  the  remaining  three 
large  septa  represent  the  counter  and  alar  septa.  Where  only  four 
prominent  septa  are  developed,  one  of  them  constitutes  the  cardinal 
septum.  Both  large  and  small  septa  exhibit  a  distinct  opaque 
median  lamina,  which  begins  within  the  substance  of  the  wall,  and 
i«  inclosed  by  successive  layers  of  stereoplasm,  so  that  in  the  lower 
portion  of  the  coral  the  septa  are  laterally  in  contact,  and  the  inter- 
localar  and  central  areets  are  filled  up  with  solid  tissue.  The  wall 
of  the  coral  is  thick,  and  consists  apparently  of  the  coalesced  parietal 
margins  of  the  septa  with  an  outer  epitheoal  layer.  The  outer 
surface  exhibits  either  shallow  annulations  of  growth  with  fine 
ooDcentiic  strias,  or  longitudinal  rugsB,  or,  more  rarely,  spinous 
projections. 

I  had  at  first  placed  the  Australian  Corals  on  which  this  genus  is 
based  in  Pentaphyllum,  De  Kon.,  but  it  appears  that  this  term  had 
been  previously  employed,  and  as,  moreover,  some  doubt  ^  rested  on 
the  characters  of  the  Belgian  types,  it  seemed  preferable  to  prepare 

*  nx^fnff,  full,  in  allusion  to  the  way  in  which  the  corallum  is  filled  up  by 
rtereoplasm. 

^  Nouvelles  Recherches  sur  les  Animaux  fossilcs  du  terrain  Carbonif5rc  de  la 
Belgique,  p.  68. 

*  For  example,  the  main  characteristic  of  Pentaphyllum  is  stated  to  be  the 
IXMsesaion  of  fire  prominent  septa,  but  in  the  fij^ure  of  the  unique  typical  species, 
i*.  armatum  (i.e.  pi.  iv.  fig.  Sa.),  six  are  clearly  shown;  whilst  in  the  only  specimyn  of 
the  other  species  mcluded  by  De  Koninck  in  this  genus,  F.  caryophyllaium^  there 
tte  bQt  four  prominent  septa  {l,e.  pi.  iv.  fig.  9). 
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a  new  diagnosis.  The  gen  as  nearest  allied  to  PUropkyUmm  is  Am- 
saphyllnm,^  Edwards  and  Haime,  fonnded  on  a  small  ooral  from  the 
Devonian  of  Tennessee,  in  which  only  three  prominent  septa  are 
developed,  and  these,  according  to  Prof.  Nicholson,'  are  the  cardinal 
and  alar  septa.  It  is,  besides,  uncertain,  whether  the  basal  portion 
of  the  corallum  in  this  genus  is  infilled  by  stereoplasm. 

PLicROPHTLLuy  AU8TRALK,  Hinde,  sp.n.    Plate  VIUa.  Figs.  lo-l/. 

Small  conical,  straight  or  curved  corals,  about  30  mm.  in  height, 
and  from  10  to  14  mm.  in  diameter  at  the  summit.     The  number  of 
septa  is  usually  26 ;   of  these  5  are  large  and  prominently  developed, 
and  21  are  smaller  and  subequal ;  sometimes  there  are  two  or  three 
additional  smaller  septa,     llie  cardinal  septum  is  small,  with  a  pro- 
minent septum  on  either  side  (PI.  YIIIa.  Fig.  Id).     Normally,  this 
cardinal  septum  is  on  the  dorsal  or  convex  side  of  the  coral ;  but  in 
some  instances  the  orientation  differs,  and  this  small  septum  between 
two  larger  is  situated  laterally  (Figs.  Ic.  1/).     The  counter-septum 
is  large,  and  between  it  and  the  large  alar  septa  there  are  on  either 
side  four  or  five  smaller  septa.    The  septa  are  but  slightly  developed 
at  the  summit  margins  of  the  calice;  lower  down  the  prominent 
septa  extend  to  about  two-thirds  of  the  distance  to  the  centre  of  the 
calice ;  their  interior  free  margins  are  distinctly  tumid  or  bulbous 
(Fig.  Id),  and  by  successive  additional  layers  of  stereoplasm,  they 
become  still  more  so  in  the  lower  portions  of  the  coral,  until  they 
meet  and  fill  up  the  central  area  completely.     The  smaller  septa 
vary  considerably  in  size  and  in  relative  projK)rtions  to  the  larger. 
W'itbiu  the  calice  they  are  often  slender  and  extend  only  about  one- 
third  the  distance  to  the  centre  (Fig.   Id)  ;  at  a  lower  level  in  other 
specimens  they  are  relatively  much  larger  (Fig.  le),  and  their  free 
margins  become  bulbous  by  layers  of  stereoplasm,  which  finally  unites 
them  laterally,  and  they  can  then  only  be  separately  distinguished 
by  their  dense  median  lamellae.     The  corals  are  not  uniformly  filled 
up  at  the  same  level  with  the  stereoplasm,  and  possibly  the  spaces 
left  vacant  may  be  of  the  nature  of  fossulsB  (Fig.  1/).     The  median 
lamellad  of  the  septa  are  sometimes  curved  and  wavy ;  in  the  Figures 
(Id,  6,  /)  they  are  represented  by  lighter  lines  as  they  appear  by 
reflected  light;  in  thin  sections  by  transmitted  light  this  central 
substance  is  opaque  and  dense. 

The  exterior  surface  of  this  species  when  well  preserved  is  smooth, 
with  delicate  concentric  epithecal  striaa  (Fig.  16),  but  when  weathered 
the  median  laminas  of  the  septa  are  shown  as  deeply  impressed 
longitudinal  lines  or  furrows  (Figs.  1,  Ic). 

This  species  appears  to  be  not  uncommon,  but  the  forms  are  all 
imperfect,  and  the  calices  are  infilled  with  a  hard  matrix,  so  that  the 
interior  structures  can  only  be  studied  from  sections. 

Distribution, — Carboniferous,  Gascoyne  River  ;  Irwin  River,  Little 
Champion  Bay,  Victoria  District. 

*  British  Fossil  Corals,  Pal.  Soc.  1850,  p.  livi.  Polyp,  foss.  des  terr.  pal.  p.  351, 
i.  figs.  2,  2a. 
lianual  of  Pal.  3rd  ed.  toI.  i.  p.  296. 
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Plerophtixum  8UL0ATUM,  HiDcle,  8p.n.    Plate  YIIIa.  Figs.  2,  2a. 

Corallum  curved,  approximately  subcylindrical,  showing  in  the 
upper  portion  repeated  renewals  of  growth.  The  only  specimen, 
which  is  imperfect,  is  40  mm.  in  height  and  11  mm.  in  diameter. 
There  are  in  all  28  septa,  of  which  4  are  prominently  developed 
and  the  others  are  suhequal.  The  cardinal  or  dorsal  septum  is  large ; 
hetween  it  and  the  alar  septa  there  are  on  one  side  7,  and  on  the 
other  8  smaller  septa,  whilst  the  large  counter-septum  has  between 
it  and  the  alar  septa  4  smaller  on  one  side  and  5  on  the  other. 
The  septa  are  about  1  mm.  apart;  they  are  of  precisely  the  same 
characters  as  in  P.  australe,  and  they  are  similarly  inclosed  and 
consolidated  by  stereoplasm,  so  that  in  a  transverse  section  of  the 
lower  portion  of  the  coral  the  individual  septa  can  only  be  recognized 
by  their  median  lamelln  (Fig.  2a). 

The  outer  surface  in  this  species  has  well-marked  longitudinal 
ridges  and  furrows  about  half  a  millimetre  in  width,  which  appear 
to  be  quite  independent  of  the  septa. 

There  is  only  a  single  example  of  this  species  in  the  collection. 
From  P.  atutrale  it  is  readily  distinguished  by  not  having  more  than 
four  prominent  septa  and  by  the  different  characters  of  the  outer 
surface. 

DistrihuiiofL — Carboniferous,  Irwin  Kiver,  Little  Champion  Bay, 
Victoria  District. 

G^nus  PAonYPORA,  Lindstrom. 

Paohypoba  tumida,  Hinde,  sp.u.     PI.  VIII.     Fig.  8. 

Corallum  branching ;  branches  subcylindrical,  tumid ;  ranging 
fn)m  10  to  13  mm.  in  diameter.  Corallites  nearly  circular  in  section  ; 
walls  moderately  thick,  both  in  the  central  portions  of  the  branches 
as  well  as  near  the  surface;  calices  elongate-oval,  subcircular  or 
rhomboidal,  about  1  mm.  in  diameter,  moderately  oblique  to  the 
surface.  No  septa  or  septal  spines  shown  ;  tabulsB  apparently  few 
and  complete ;  mural  pores  rare. 

There  is  but  one  fragment  of  this  species  in  the  collection  ;  it  is 
about  40  mm.  in  length.  The  weathered  upper  surface  shows  the 
calices  in  fairly  good  preservation.  From  its  surface  aspect,  this 
form  would  perhaps  be  regarded  as  belonging  rather  to  Alveolites 
than  to  Pachypora ;  but  judging  from  the  thickened  walls  of  the 
tubes,  it  may  more  properly  be  included  in  this  latter  genus.  The 
calices  however  look  much  more  like  Alveolites  than  those  of  P.  cer- 
vicornis,  De  Blainv.,  and  they  are  larger  and  more  oblique  than  in 
P.  meridionalisy  Nich.  &  Eth.  jun.  (Ann.  &  Mag.  Nat.  Hist.  ser.  5, 
vol.  iv.  (1879)  p.  280).  On  the  other  hand,  the  calices  are  less 
olilique  and  less  regular  than  in  Alveolites  (Cladopora)  rohusta, 
Rominger  (Fossil  Corals,  Geol.  Surv.  Michigan,  p.  64,  pi.  32,  figs. 
1,  2),  which  is  regarded  by  Nicholson,  though  not  with  absolute 
certainty,  as  referable  to  Alveolites,  As  regards  its  mode  of  growth, 
P.  tumida  stands  on  the  boundary- line  between  Pachypora  and 
Alveolites, 

I>f«/rj6tt/ion.— Devonian  ?     Opposite   Mount    Krauss,   Kimberley 

DistricL 
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Genin  STSisGoroBA,  Golilf— 

Stbisgopoka  mcncTLATA,  GoldfoK.  var.  patvla,  tu*.  dot.    PL  VllL 

Fig.  4. 

ir»-n,  Sfrimfprn-m  ntiemlmU,  GMimm.  FrtraL  Germ.  voLL  p.  7€,  pL  xxr.  fig.  8. 
Ifk92.       Sfrimfptrm  niiemlmU^  Edwvdi  and  TliiiW,  BriL  Fom.  Ccnk,  p.  162, 

pL  xlri.  figi.  1,  1«. 
1872.       SfrtMftftrm  retiemlmU^  De  KflBiM^,  X«BT.  Be^  for.  Is  Aairn.  fon.  pt.  i. 

p.  123,  pi  xL  fip^  7,  7^. 
IS79.      Syrimf^  rm  rwiitJmU^  Xidwbaa,  TaWbte  Cask,  p.  215,  fig.  30 ;  and 

pL  X.  fig.  6. 
iaM-1.  8frtmf«p9rm  rHumimU,  XidL,  Pttic  Boy.  Soc  Ednbvgk,  p.  225,  fig.  3. 

Coral  1  am  foTmiDg  low  bushy  masses  of  cylindrical,  flexooos 
radiating  oondlites,  ranging  in  diameter  ftom  1*6  to  2*15  mm.  The 
largest  specimen  examined  is  50  mm.  in  height  by  110  mm.  wide. 
The  distance  between  the  coiallites  varies  from  -5  to  2  mm. ;  they 
are  connected  at  irregnlar  intenrals.  more  by  the  interoscalation  of 
proximate  corallites  than  by  horizontal  processes  between  them. 
The  corallites  also  increase  by  frequent  lateral  bods  given  off  horn 
the  stems,  the  yoang  stems  having  the  same  general  direction  of 
growth  as  the  parents. 

The  corallites  have  thick  nniform  walls  about  -25  mm.  in  thickness ; 
the  septal  spines  appear  to  be  irregularly  developed,  and  reduced  to 
small  conical  projections  from  the  inner  surface  of  the  wall ;  in  some 
transverse  Bections  not  more  than  three  or  four  are  visible,  whilst  in 
others  there  are  five  or  six  in  about  one-fourth  the  circumference  of 
the  corallite.  The  infundibuliform  tabulas  are  of  the  usual  character, 
and  there  is  no  special  infilling  of  sclerenchy  ma  within  the  corallites. 

I  have  ventured  to  place  these  specimens  as  a  variety  of  ^S.  reticulata, 
since,  though  the  corallites  are  of  about  the  same  dimensions,  they 
appear  to  increase  more  rapidly  by  lateral  budding,  and  thus  to 
diverge  more  in  their  mode  of  growth,  and  the  connecting  processes 
between  tbeuj,  if  not  altogether  absent,  are  so  reduced  as  to  be 
scarcely  distinguishable.  The  specimens  are  now  imbedded  in 
nodular  masses  of  compact  limestone,  and  their  minute  structural 
characters  are  very  clearly  shown  in  thin  sections.  The  corallite 
walls  consist,  as  pointed  out  by  Prof.  H.  A.  Nicholson  (Proc  Roy. 
Soc.  Edinburgh,  1880-1,  p.  225),  of  two  layers,  an  exterior,  which 
is  formed  of  compact  sclerencbyma  either  granular  or  radiately 
fibrous,  and  an  inner  layer  of  concentrically  arranged  wavy  fibres, 
which  are  interlaced  together.  In  these  Australian  forms  the  exterior 
layer  of  the  walls  is  of  the  same  tint  as  the  inner,  and  can  scarcely 
be  distinguished  from  it  It  appears,  however,  to  be  present,  and 
can  be  recognized  in  transverse  sections  as  a  thin  outer  zone  of  a 
granular  character,  whilst  the  inner  layer  is  markedly  of  wavy 
fibres ;  there  is,  however,  no  definite  line  between  the  two  layers. 
It  is  worthy  of  note  that  this  wall-layer  of  wavy  interlacing  fibres 
seems  to  be  very  characteristic  of  Syiingopora  and  its  allies.  In 
8.  Maclurei,  Billings,  from  the  Devonian  of  Canada,  the  walb,  which 
are  very  thick,  appear  to  be  wholly  of  this  wavy  structure,  whilst 
in  Rmmeria  minor,  Schluter,  from  the  Devonian  of  the  Eifel,  there 
is  a  well-marked  exterior  layer  of  radiating  fibres,  within  which  is 
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the  layer  of  wavy  oonoentrio  fibres,  thus  oorresponding  iu  character 
to  8.  reticulata. 

Distribution, — Gascoyne  River.  Not  known  whether  Devonian  or 
Carboniferous. 

Grenus  Aulopoba,  Goldfuss. 

AuLOPORA  BSPBNS,  Euorr  and  Walch.     PI.  VII F.  Fig.  5. 

1775.       MWepoi-itet  repeni^  Enorr  &  Walch,  Recueil,  etc.,  tome  iii.  p.  157f  pi.  ▼!. 

fig.  1. 
1826-33.  Aulopora  serptnt^  Goldfuss,  Petref.  Germ.  vol.  i.  p.  82,  pi.  xxix.  figs.  la. 
1879.        AtUapora  repem,  Nich.,  &  £th.,  jun.,  Ann.  &  Mag.  >iat.  Hist.  ser.  6. 

vol.  iv.  p.  282. 

There  is  a  single  example  of  this  species  growing  on  the  surface  of 
Cyathophyllum  virgatum,  which,  as  far  as  its  outward  characters  are 
concerned,  cannot  be  distinguished  from  the  type  forms  of  the  species 
from  the  Eifel.  The  corallites  range  from  2*5  to  4*5  mm.  in  length, 
and  from  1  to  1*25  mm.  in  thickness.  The  oval  or  elliptical  apertures 
are  between  -75  mm.  and  1  mm.  in  width. 

Distribution. — Devonian  ?  Rough  Bange,  Mount  Erauss,  Eimber- 
ley  District.  This  form  has  been  already  recorded  by  Messrs. 
Nicholson  and  Etberidge  from  the  Devonian  Limestone  of  Arthur's 
Creek,  North  Queensland. 

ANNHLIDA. 
Genus  Spiroubis,  Daudin. 
Spirobbis  omphalodes,  Goldfuss,  sp. 

1826-33.  Serpula  omphalodes^  Goldf.  Petref.  Germ.  pi.  Ixvii.  fig.  3. 

There  are  several  specimens  of  a  small  Spirorhisy  attached  to  the 
snrfaoe  of  Cyathophyllum  virgatHniy  which  appear  to  belong  to  the 
above  species.  They  are  about  2  miu.  in  diameter  and  '75  mm.  in 
height,  the  upper  edge  of  the  outer  whorl  is  obtusely  angular  or 
rounded,  surface  apparently  smooth. 

Distribution, — Devonian  ?  Gascoyne  River. 

pozrzoA. 

Genus  Polypora,  M'Coy. 
PoLTPORA  AU8TRALIS,  Hiude,  sp.u.     PL  VIIIa.  Figs.  3,  8a. 

Polyzoary  flabellate,  dimensions  uncertain.  Branches  nearly 
straigiit,  radiating  from  the  base  and  bifurcating  at  intervals  of  about 
6  mm. ;  they  are  from  1  to  1*2  mm.  in  width,  flattened,  with  the  dis- 
sepiments on  the  same  plane.  The  fenestrules  are  elongate  oval, 
about  2  mm.  in  length  by  *6  mm.  wide,  and  about  2  mm.  apart 
longitudinally.  The  cells  are  regularly  arranged  in  quincuncial 
rows;  there  are  five  celb  in  an  oblique  row ;  the  rows  are  continued 
across  the  dissepiments.  The  cell-apertures  are  circular,  not  appa- 
rently elevated,  small,  about  -15  mm.  in  diameter,  and  separated  from 
each  other  by  about  their  own  diauieters.  The  branches  are  about 
•5  mm.  in  thickness.  The  reverse  side  of  the  frond  is  concealed  by 
the  matrix. 

This  species  appears  to  be  nearest  allied  to  an   Indian  form., 
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referred  by  De  Koninck  to  P.  faBtuo9u$  (Q.  J.G.S.  vol.  xix;  1863,  p.  5, 
pi.  i.  fig.  4);  but  it  differs  in  the  narrower  fenestrules;  the  dissepi- 
ments are  also  larger  and  eany  cells.  Only  a  single  fragmentary 
specimen  known. 

Distribution, — Carboniferons,  Qascoyne  Biver. 

Qenus  Hexaqonslla,  Waagen  and  WentzeL 

HsxAGONELLA  DSNDBOiDEA,  Hudleston,  sp.     Plate  YIIL  Pig.  6  and 

VniA.  Figs.  5-6d. 

1883.  Evaetinopora  dendroidea,  Hudleston,  Quart  Journ.  Geol.  Soc.  vol.   xxxix. 

p.  694,  pi.  23,  figs.  3a— 3<;. 
1886.  Eexagondla   dendroidea,  Waagen  and  Wentzel,  Mem.   Oeol.  Sunr.  India, 

ser.  xiii.  p.  913. 
1889.  Evaeiinopora  dendroidga,  B.  Etheridge,  jun.,  Proo.  Linn.  Soc.  New  South 

Wales,  vol.  iv.  p.  207. 

The  examples  of  this  species  appear  to  be  more  abundant  than 
those  of  any  other  fossil  from  the  Carboniferous  Limestone  strata  of 
the  Gascoyne  Biver,  and  the  numerous  specimens  in  the  collection 
afford  an  excellent  opportunity  of  ascertaining  its  minute  characters. 
Since  this  form  was  described  by  Mr.  Hudleston  in  1883,  several  other 
species  of  the  same  genus  have  been  recorded  by  Waagen  and  Wentzel 
from  the  Carboniferous  strata  of  the  Punjab,  and  these  authors  have 
proposed  the  new  genus  HexagoneHa  for  their  reception.  As  will  be 
shown  later  on,  the  characters  of  this  genus  are  so  similar  to  those 
of  Fistulipora,  M*Coy,  that  it  may  be  doubted  whether  it  should  be 
considered  as  more  than  a  subgenus ;  but  at  the  same  time  the 
species  included  in  it  possess  in  common  some  slight  structural 
features,  which  make  it  desirable  to  place  them  in  a  distinct  group, 
and  I  propose  therefore  to  retain  Waagen  and  WentzeFs  name. 
Considerable  interest  attaches  to  this  genus,  since,  according  to  these 
authors,  it  exhibits  a  mode  of  increase  by  so-called  coenenchymal 
gemmation,  which,  in  their  view,  indicates  distinctly  that  this  and 
similar  allied  forms  should  be  considered  as  Corals  rather  than 
Polyzoa.  This  evidence  in  favour  of  the  coelenterate  nature  of  these 
organisms  has  been  quoted  by  Prof.  Nicholson,*  and  by  the  late 
Prof.  Neumayr,'  as  strong  proof  of  the  correctness  of  the  view  that 
they  are  Corals.  As  the  result  of  a  careful  study  of  numerous 
sections  of  the  Australian  species,  which  there  can  be  no  doubt  is 
closely  similar  to  the  Punjab  forms,  I  can  find  no  indication  of  this 
alleged  coenenchymal  gemmation,  but,  on  the  contrary,  a  mode  of 
growth  from  a  basal  lamina  which  is  strongly  characteristic  of 
Polyzoa,  and  as  in  other  structural  features  these  forms  resemble 
Polyzoa,  I  accept  this  view  of  their  character,  which,  it  may  be 
said  is  that  originally  held  by  Mr.  Hudleston. 

HexagoneHa  dendroidea  occurs  as  solid,  straight  or  curved  stems 
or  branches,  ranging  from  30  to  80  mm.  in  length,  from  10  to 
22  mm.  in  width,  and  from  5  to  15  mm.  in  thickness.  The  specimens 
are  all  fragmentary,  the  stems  are  usually  compressed,  sometimes 
nearly  cylindrical,  of  an  even  width  and  thickness,  except  where 

^  Manual  of  Palaeontology,  third  edition,  toI.  i.  p.  362. 
'  Die  Stamme  des  Thierreichs,  p.  324. 
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they  diohotomize  (Plate  YIIIa.  Fig.  5).  They  are  of  a  hard,  greyish 
limestone,  completely  weathered  ont  of  the  matrix ;  but  the  tubular 
cells  and  intemtitial  vesicles  are  partly  infilled  with  chaloedony,  and 
in  part  with  caloite. 

The  outer  surface  of  the  branches  is  divided  into  irregular 
polygonal  areas  by  raised  lines  or  ridges,  sometimes  scarcely  visible 
without  a  lens,  at  others  elevated  above  the  surface  so  as  to  form 
margins  to  depressed  areas  (Figs.  5,  &e).  These  ridges  are  given 
off  from  the  angles  of  a  zig-zag  line,  having  a  generally  vertical 
direction  on  the  narrow  sides  of  the  branch.  The  ridges  pass  in- 
differently across  the  cell  areas  and  the  maculsB,  but  they  frequently 
meet  in  the  centre  of  these  latter.  In  weathered  specimens  these 
ridges  are  not  recognizable,  and  they  are  not  often  visible  in  sections, 
unless  tangential,  where  they  appear  as  rows  of  bead-like  dots, 
with  dark  centres  and  lighter  borders,  not  unlike  the  spines  in 
Monticuliporoid  s. 

The  surface  of  the  branches  is  dotted  over  with  maculsB ;  these 
are  oval  or  subciroular  spaces  free  from  cells  (Fig.  5) ;  without 
definite  boundaries,  from  2  to  3  mm.  in  width,  and  from  5  to  8  mm. 
apart,  from  centre  to  centre.  The  maculsB  are  usually  even  with  the 
general  surface,  though  sometimes  slightly  below  it.  The  general 
surface  of  the  branches,  both  of  the  maoulsB  and  of  the  areas  between 
the  cell -mouths,  is,  when  well  preserved,  covered  with  microscopic- 
ally minute  blunted  tubercles  which  appear  to  be  solid  and  imper- 
forate (Fig.  5c).  As  a  rule,  however,  the  branches  are  now  smooth 
and  imperforate. 

The  centre  of  the  branches  has  a  median  lamina  extending  from 
end  to  end,  from  which  the  cells  are  given  off.  This  axial  lamina  is 
double  in  character ;  in  thin  sections  it  appears  as  a  dark  line  with 
a  layer  of  lighter  material  on  either  side  of  it,  the  whole  being  about 
'05  mm.  in  thickness.     It  seems  to  be  quite  imperforate  (Figs.  5<i,  6). 

The  cells  (=  autopores)  in  this  species  are  relatively  long  tubes, 
circular,  elliptical,  or  oval  in  section  (Fig.  5d) ;  they  commence  their 
growth  on  the  central  lamina  as  conical  tubes,  semi-elliptical  in 
section ;  in  the  first  stage  they  are  recumbent  on  the  lamina  for  a 
distance  of  about  '75  mm.,  they  then  curve  abruptly  outwards  and 
extend  directly  to  the  surface,  to  .which  they  open  nearly  at  right 
angles  (Fig.  56).  The  cell-walls  are  distinct  from  the  interstitial 
substance,  imperforate,  of  an  even  thickness  throughout  their  length, 
not  thickened  near  the  surface,  and  in  their  upper  portions  apparently 
of  concentric  fibres.  At  irregular  intervals,  from  -25  to  'To  mm. 
apart,  they  are  partitioned  by  complete  tabulas  (Fig.  56) ;  but  they 
are  not  infilled  in  any  way  with  sclerenchyma.  Measured  in  trans- 
verse section,  the  cells  are  from  '2  to  '25  mm.  in  diameter,  but  a  few 
of  the  larger  ones  on  the  borders  of  the  maculsa  are  '37  mm.  wide. 
The  cell-walls  are  from  '03  to  '05  mm.  in  thickness ;  in  some 
instances  they  exhibit  a  decided  thickening  or  lip  at  one  side ;  this  is 
of  a  more  opaque  character  than  the  rest  of  the  wall  (Fig.  5c). 
Beyond  this  thickening,  there  are  no  projections  of  the  lip-margins 
within  the  cell  or  distinct  trifoliation  of  the  cell  itself,  as  in  many 
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Bpeoies  of  FistuUpora,  and  also  in  Bexagonella  Utvigata,  Waagen  and 
Wentzel  (Pal.  Indica,  ser.  13,  pL  115,  fig.  5). 

On  the  surface  of  the  branches,  the  cells  are  arranged  in  rows 
which  radiate  from  the  maoulsB  as  centres.  The  cells  in  the  rows 
are  somewhat  less  than  half  a  millimetre  from  centre  to  centre, 
and  about  the  same  distance  between  the  rows.  The  cell-apertures 
are  slightly  oblique  to  the  surface,  and  there  is  a  distinct  elevated 
lip,  in  some  cases  semilunate  or  crescentic  in  form  (Fig.  5c),  The 
cells  near  the  maculsd  are  larger,  more  oblique,  and  with  thicker 
lips  than  others. 

As  a  rule,  the  cell-apertures  are  open,  but  in  many  instances  the 
cells  are  partially  or  entirely  closed  by  calcareous  lids,  placed  just 
within  the  lip  of  the  cell  (Fig.  5e).  These  lids  are  flat  or  slightly 
convex,  and  usually  incomplete,  a  central  or  sub-central  space 
remaitiing  open.  In  other  cases  this  aperture  is  wholly  closed  by 
a  minute  central  papilla.  Occasionally  the  lid  is  evenly  convex, 
and  projects  beyond  the  rim  of  the  cell- wall.  These  lids  appear  to 
be  distinct  from  the  tabulad  in  the  lower  portion  of  the  cell ;  they 
are  thicker ;  convex,  instead  of  flat  or  concave ;  and  they  are  fre- 
quently incomplete. 

The  spaces  between  the  cells,  where  they  radiate  upwards  to  the 
surface  from  the  axial  lamina,  are  occupied  by  interstitial  tissue  or 
oancelli  (=  mesopores)  (Fig.  56).  This  is  of  two  kinds ;  one, 
occupying  principally  the  central  portion  of  the  branches,  is  mainly 
vesicular,  and  formed  by  convex  vesicles  arranged  sometimes  in 
linear  series,  sometimes  irregularly  overlapping  and  dovetailing  into 
each  other  (Fig.  56).  The  peripheral  portions  of  the  branches  on  the 
other  hand  mainly  consist  of  a  solid  imperforate  tissue  deposited 
in  thin  concentric  zones.  Occasionally,  however,  there  is  a  layer  of 
vesicles  within  the  exterior  solid  s^ne,  and  sometimes  a  thin  solid 
band  intercalated  in  the  central  vesicular  area.  The  solid  substance 
does  not,  however,  seem  to  be  a  mere  infilling  of  the  vesicles ;  but 
it  is  of  a  distinct  character  replacing  the  vesicles.  On  polished 
surfaces,  and  in  sections  viewed  by  reflected  light,  this  substance 
can  be  seen  to  consist  of  delicate  rods  or  spines  vertically  arranged 
and  imbedded  in  a  lighter  material,  and  it  appears  that  the  minute 
tubercles  with  which  the  surface  is  covered  are  the  upward  exten- 
sions of  these  bodies.  In  transparent,  transverse  sections,  this  solid 
tissue  has  an  indistinct  cloudy  appearance,  due  to  innumerable, 
opaque  dots  —  the  section  of  the  rods — in  a  lighter  substance 
(Fig.  5d).  The  thickened  portion  or  lips  of  the  cells  likewise 
consists  of  these  solid  spines  or  rods. 

No  mention  is  made  of  this  solid  interstitial  tissue  in  the  Punjab 
species  of  Hexagonella,  but  it  is  shown  in  the  figures  of  H.  ramosa 
(Pal.  Indica,  ser.  13,  pi.  107,  fig.  3c).  Similar  tissue  is  likewise 
present  in  certain  specimens  of  Fistulipora  incruatans,  which  have 
been  described  by  Mr.  John  Young,  F.G.S.  (Ann.  &  Mag.  Nat  Hist. 
April,  1888,  p.  245),  and  in  Oonioeladia  cellult/era,  B.  Eth.,  jun. 
(Gkol.  Mao.  Dea  I.  Vol.  X.  p.  433,  PL  XV.) 

The  general  question  as  to  the  relation  of  HexagoneUa  or  Fisttdipora 
*^  Polysoft  or  Oorals  is  too  wide  to  be  properly  discussed  here :  but 
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there  is  no  doubt  that  the  alleged  coenenchymal  gemmation — the 
Bpecial  point  brought  forward  by  Waagen  and  Wentzel  in  favour  of 
the  alliance  of  these  forms  to  Corals — certainly  does  not  take  plaoe 
in  H,  dendroideai  and  there  is  no  satisfactory  evidence  that  it  occurs 
in  the  Indian  species  of  the  genus  described  by  these  authors. 
They  further  appeal  to  the  figure  given  by  Nicholson  and  Foord  of 
FkiuUpora  inerutUans  (Ann.  and  Mag.  Nat.  Hist.  ser.  5,  vol.  xvi. 
p.  501)  as  showiug  the  same  mode  of  increase  by  coenenchymal 
gemmation ;  but  it  is  evident  that  the  figure  referred  to  gives  no 
indication  of  the  development  of  the  cells  or  autopores  from  the 
mesopores ;  it  merely  shows  that  the  former  have  been  sectioned 
obliquely.  The  real  origin  of  the  cells  or  autopores  in  this  species 
is  by  growth  from  the  basal  lamina,  precisely  in  the  same  manner 
as  in  JSexagoneUa  dendroidea  described  above. 

This  species  was  originally  placed  by  Mr.  Hudleston  in  the  genus 
Evaclinopora,  Meek  and  Worthen,  but  it  has  no  close  relationship  to 
E.  radiata,  the  type  of  this  genus.  It  appears  to  me  very  doubtful 
whether  the  form  named  H.  (Evactinopora)  cruciaHs,  Hudleston,  is 
really  distinct  from  S.  dendroidea,  as  the  difiference  consists  merely 
in  the  mode  of  growth,  a  feature  hardly  of  specific  importance. 
E.  ramosat  W.  &  W.,  though  similar  in  mode  of  growth  to  H. 
dendroidea,  has  its  cells  only  about  half  as  large  as  in  the  latter 
species,  and  is  consequently  distinct 

DistrihtUion, — Carboniferous,  Gascoyne  River. 

Oenus  BuoHBOPOBA,  Meek. 
Ehombopoba  tenuis,  Hinde  sp.n.     PI.  VI  11a.  Figs.  4,  4a. 

Imbedded  in  some  pieces  of  rock  from  the  Gascoyne  River  are 
several  fragments  of  a  small  branching  polyzoon,  which  in  micro- 
Boopic  characters  are  similar  to  the  genus  Rhombopora.  The  speci- 
mens are  cylindrical  and  branching,  about  1*5  mm.  in  diameter;  the 
cells  spring  from  an  imaginary  central  axis,  and  at  first  are  nearly 
vertical  or  slightly  oblique  ;  they  then  curve  somewhat  abruptly  and 
open  approximately  at  right  angles  to  the  surface  of  the  branch 
(Fig.  4a).  In  the  axial  portions  the  cells  are  subcircular  in  section, 
with  thin  walls ;  at  the  point  where  the  outward  curve  commences,  the 
walls  are  considerably  thickened.  The  cell-apertures  are  oval,  about 
•2  mm  in  width  with  definite  fibrous  margins ;  in  the  interspaces 
between  them  there  are  well-marked  interstitial  tubes  and  spines 
(Fig.  4).     I  have  not  recognized  any  tabulae  in  the  cells. 

From  a  companson  with  specimens  and  sections  of  Rhombopora 
interporosa,  Phill.  sp.,  kindly  supplied  me  by  my  friend  Mr.  John 
Young,  F.G.S.,  I  find  a  very  close  resemblance  in  microscopic  struc- 
ture to  the  Australian  species ;  at  the  same  time  there  is  also  a  certtiin 
resemblance  to  such  forms  as  Monticulipora  ?  tumida,  Phill.  sp.,  and 
more  particularly  to  a  slender  variety  of  this  species  from  the 
Carboniferous  strata  of  Northumberland,  which  has  been  named  van 
miliaria  by  Prof.  Nicholson  (Genus  Monticulipora,  p.  123,  pi.  iiL 
figs.  2,  2c). 

Distribulion. — Carboniferous,  Gascoyne  River.  The  specimens  ar^ 
associated  in  the  same  matrix  witli  ITexagoHella  dendroidea. 
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EXPLANATION  OF  PLATES  VID.  im  VHIa. 

PLATE  VIII. 

7io.  \,^Oyathopl^yUum  wirgatum^  sp.n. ;  la,  a  fragmentary  spedmen,  natural  size; 
\b,  transTerae  section  enlarged  two  diameters. 

2. — Cyathophyllum  deprtuum,  spji. ;  2a,  the  upper  lorfaoe,  Bhowiog  the 
weathered  summits  of  the  corallites ;  'lb,  a  transTene  section,  enlarged. 

3. — Paehypora  tumida,  sp.n.,  natural  size. 

4. — Syringopwa  reticulata,  yar.  paiula.  Portion  of  a  specimen,  showing  the 
corallites  in  section.    Natural  size. 

6, — Auhpora  repent,  Knorr  and  Walch. 

6. — Hexngonella  dendroidea,  Hudleston,  sp.  A  section  showing  the  thickness  of 
the  hranch. 

I.StromatoporeHa  Eifelientii,  Nicholson;  7a,  7^  specimens  natural  size; 
le,  vertical  section  enlarged. 

8. — Actinoatroma  elaihratum,  Nicholson;  8a,  vertical  section  natural  size; 
8^,  portion  of  the  same  enlarged. 

PLATE   VIIIa. 

Figs.   l-lf. — Plerophyllum  australe,  Hinde. 
,,       la,  16,  1^.— Three  imperfect  examples  natural  size;  \b  shows  the  exterior 

surface  in  its  natural  condition ;  in  la  and  \c  the  surface  has  heen  weathered, 

and  the  median  laminsB  of  the  septa  are  exposed. 
„  ^    Id, — A  transverse  section  of    the  calice,  with   the  small  cardinal  septum 

incloeed  between  two  larger  septa  above.    Enlarged  2^  diameters. 
„       1«. — A  transverse  section  of  another  specimen,  similarly  enlarged,  in  which 

the  smaller  septa  are  proportionately  more  developed,  and  the  small  septum 

between  the  two  larger  is  lateral  in  position, 
y,       1/. — Another  transverse  section,  similarly  enlarged,  in  which  one  portion  has 

been  completely  infilled  by  stereoplasm. 
,,       2,  2a. — Plerophyllum  aufeatum,  Hinde. 
,,       2. — An  imperfect  specimen,  showing  renewals  of  growth  and  the  longitudinal 

rugsB  of  the  surface. 
„      2a. — A  transverse  section  of  the  same,  enlarged  2|  diameters,  showing  com- 

plete  solidification  by  stereoplasm. 
,,       3,  3a. — Polypora  auatralig,  Hinde. 

„      3. — A  fragmentary  specimen  showing  the  celluliferous  surface,  natural  size. 
,,       3a. — A  portion  of  the  same,  enlarged  5  diameters,  showing  the  form  and 

disposition  of  the  fenestrules  and  cell -apertures. 
4,  4a. — Rhofnbopora  tenuis,  Hinde. 
4. — A  portion  of  the  surface  showing  the  cell-apertures  and  the  interstitial  tubes 

and  spines.     Enlarged  20  diameters. 
4a. — A  portion  of  a  longitudinal  section,  showing  the  disposition  of  the  cells 

and  the  thickening  of  the  walls  near  the  surface. 


>» 


6 — od. — Hexagonella  dendroidea,  Hudleston,  sp. 

the 


„  5. — An  imperfect  stem  or  branch,  showing  the  mode  of  growth,  the  linear 
ridges,  the  maculae,  and  the  cells  of  the  exterior  surface.     Natural  size. 

,,  6a. — A  portion  of  a  transverse  section  of  a  branch,  showing  (in  section)  the 
median  layer  and  the  cells  ( =  autopores)  on  it.     Enlarged  20  diameters. 

,,  6b. — A  portion  of  a  median  longitudinal  section  of  a  branch,  showing  the 
recumbent  position  of  the  cells  on  the  median  layer  in  their  first  stage  of  growth, 
their  subsequent  vertical  direction,  the  tabulae  traveling  them  at  intervals,  and 
the  vesicular  interstitial  tissue  of  the  central  area.     Enlarged  20  diameters. 

,,  5e. — A  portion  of  the  surface  of  Fig.  6,  enlarged  20  diameters,  showing  the 
oblique  projection  of  the  lips  of  the  cells,  the  manner  in  which  they  are  partially 
or  entirely  closed  by  calcareous  lids,  the  tuberculate  character  of  the  interstitial 
areas,  and  the  raised  ridges. 

,,  5d. — A  portion  of  a  tangential  section,  showing  the  cells  with  distinct  walls, 
and  the  cloudy  appearance  of  the  solid  interstitial  substance  of  the  outer  zone  of 
the  branch.    Enlarged  20  diameters. 
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11. —On  bomb  Epi-DT0BiTiB8  OF  N.W.  Ireland.^ 

By  J.  Shbabson  Hyland,  Ph.D. 

(Communicated  by  permiarion  of  the  Director-General  of  the  Geological  Surrey.) 

IN  an  Appendix  to  the  Explanatory  Memoir  on  Sheet  17  of  the 
Map  of  the  Gkologioal  Survey  of  Ireland  (Dublin,  1889),  I 
have  famished  a  description  of  the  petrographioal  oharaoters  of 
the  Epi-diorites  of  the  distriot.  Some  of  the  faots  elicited  by  the 
examination  of  the  rocks  are  sufBciently  interesting  to  deserve  a 
wider  circulation. 

The  rocks  occur  as  sheets  and  dykes  intrusive  into  the  altered 
sediments  (quartzites,  mica-schists,'  eta),  and  at  St^  Johnstown  and 
Raphoe  they  are  seen  to  break  through  the  stratified  deposits 
transversely  to  the  bedding.'  In  the  field,  a  strong  foliation  is  often 
to  be  recognized ;  but  this  structure  is  at  times  little  developed  and 
hardly  perceptible.  Still  the  absence  of  this  macroscopic  feature 
does  not  preclude  the  possibility  of  reconstruction  having  occurred  ; 
for  it  has  been  abundantly  demonstrated  that  molecular  re-arrange- 
ment can  ensue  without  the  development  of  such  a  structural 
modification.* 

llie  specimens  examined  are  greenish  in  hue  and  vary  in  grain 
from  coarse  to  fine.  The  petrographical  description  is  mainly  based 
upon  a  collection  made  from  the  following  localities : — 

One  mile  N.  of  Raphoe ;  \ 

Half  mile  N.  of  Raphoe;  >  Co.  Donegal. 

Half  mile  X.  of  Convoy;  ) 

Half  mile  S.E.  of  Drumahoe  Bridffo.  and  two  miles  S.E.  of  Deny ;  \ 

On«  mile  and  a  half  W.  of  St.  Johnstown  (Dooish  Mountain'  ;  /  Co.  Jjondon- 

One  mile  and  a  half  S.S.W.  of  New  Buildings,  and  four  miles  I     deny. 

i3*iO«  ««   •  \JX     Xm/dky  y        •••        •••        •••        •••        •••        •••        •••        •••        •••  / 

The  rocks  described  under  the  head  "Epi-diorites"  are  plagioclase- 
pyi-oxene  rocks  which  have  undergone  alteration  under  the  influence 
of  dynamic  metaraorphism.  Most  of  them  were  originally  dolerites 
(Ger.  Diabase) ;  but  it  is  not  improbable  that  the  masses  at  one 
mile  N.  of  Raphoe  and  half  mile  N.  of  Convoy  represent  altered 
gabbros. 

As  a  result  of  the  metamorphism,  the  pyroxene  has  been  com- 
pletely altered  into  a  greenish  monoclinic  hornblende,  which 
possesses  the  characters  of  '*uralite."  This  mineral  occurs  in  ragged 
patches,  which  in  most  cases  still  preserve  the  opliilic  structure  of 
the  pyroxene  which  it  has  replaced.  Where  there  has  been  move- 
ment coincident  with  or  subsequently  to  this  uralitization,  the  horn- 

*  Read  hefore  the  Royal  Geological  Society  of  Ireland,  10th  February,  1890. 

*  The  dark  bluish -grey  mica-schist  is  seen  under  the  microsc^ope  to  consist  of 
a  plexus  of  light- green,  uniaxial  mica  and  minute  grains  of  quartz.  Culcite, 
hematite,  tourmaline,  and  rutile  arc  also  present.  Strain -slip  cleavage  is  well 
developed.  Iron-pyrites  is  to  be  observed  macroscopically,  also  rutile  according  to 
Giesecke. 

»  Prof.  Hull  in  Memoir  to  Sheet  17,  p.  7. 

*  Teall,  "The  Metamorphosis  of  Dolerite into  llornblende-schist,"  Q.J.G.S.  1885, 
P-  139,  and  '*The  Metamorphosis  of  the  lizard  Gabbros,**  Geol.  Mag.  Dec.  XII. 
Vol  I.  p.  487. 
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blende  becomes  split  up  into  innumerable  fibres  whiob  partake  in 
the  general  movement.  A  sort  of  lenticular  structure  is  thus  pro- 
duced, the  margins  of  the  lenticles  consisting  of  a  felted  hornblendio 
mass  in  a  state  of  fine  division.  In  the  much  altered  varieties,  the 
hornblende  becomes  decidedly  actinolitic  in  character,  forming  long 
green  or  bluish-green  prisms.  As  the  actinolitic  nature  becomes  the 
more  evident  the  more  decided  the  foliation,  it  is  not  surprising 
that  planes  of  movement  are  coated  with  amianthus-like  actinolite 
(one  mile  S.S.W.  of  New  Buildings,  Co.  Derry).  Liebe^  has 
described  the  presence  of  primary  hornblende  in  rocks  of  this  type ; 
but  there  is  no  evidence  of  an  occurrence  of  this  nature  in  those 
under  examination.  A  colourless,  tremolite-looking  hornblende  is 
sometimes  apparent,  but  is  not  a  constant  accessory.' 

Intergrown  with  and  imbedded  in  the  hornblende  there  are  to  be 
observed  numerous  patches  and  flakes  of  biotite.  This  mineral  is 
singularly  devoid  of  inclusions,  and  appears  to  stand  in  a  genetical 
relation  to  the  hornblende.     The  pleochroism  is : — 

a = pale  straw  colour. 
/3  and  7 s  brownish-yellow  to  dark-brown. 

Epidote  and  zoisite '  are  very  common,  whilst  secondary  quartz  is 
not  infrequent  There  is  also  a  little  calcite  present.  The  quantity 
of  felspar  varies  more  or  less,  but  is  always  subordinate  to  that 
of  the  hornblende.  It  can  eventually  become  very  small,  as  the 
hornblende  appears  to  displace  the  felspathic  constituent  This 
almost  entire  disappearance  of  the  felspar  may  account  for  the  state- 
ment made  over  fifty  years  ago  by  G.  Rose,  that  "  uralite  "  was  only 
to  be  found  in  those  greenstones  in  which  felspar  was  absent  or  little 
apparent^  Still,  notwithstanding  this  opinion,  put  forth  shortly  after 
his  discovery  of  the  mineral,  mention  is  especially  made  in  his  work 
on  the  Urals  of  the  constant  association  of  uralite  and  oligoclase.* 

The  metamorphism  of  the  felspar  leads  to  its  ''granulation,"  and 
the  consequent  formation  of  new  products.  This  ''granulation"  is 
referred  to  a  "crystallizing  process  going  on  under  the  influence  and 

^  Uebersicht  neber  den  Schichtenanfbau  Ostthiiringens,  Abhandl.  zur  geol. 
Spezialkarte  yon  Preussen  u.  d.  Thiiring.  Staaten,  Band  V.  Heft  4,  p.  83. 

'  Tremolite  occurs  in  the  district  comprised  in  Sheet  17,  viz.  near  Curley  Hill, 
Co.  Tyrone,  but  in  limestone.  (C.  L.  Giesecke,  Minerids  of  the  Royal  bublin 
Society,  to  which  is  added  an  Irish  Mineralogy,  Dublin,  1832,  p.  227.) 

*  For  crystallographic  details,  see  Memoir,  Sh.  17,  pp.  36  and  36.  The  occurrence 
of  zoisite  in  this  district,  at  Holly  Hill,  near  Strabane,  Co.  Tyrone,  was  known  to 
Portlock  (Report  of  the  Geology  of  the  Co.  Londonderry,  etc.,  Dublin,  1843, 
p.  209) ;   also  to  Giesecke  (loc.  Hi.  p.  208). 

*  Pogg.  Ann.  d.  Ph.  1833,  1  St.  p.  103.  "Immer  aber  haben  sie  (Uralite)  sich 
nach  den  gemachten  Erfahrungen  nur  in  den  Griinsteinen  gefunden  in  welchen 
Albit  Oder  Feldspath  nicht  vorkommen  oder  wenigstens  nicht  deutlich  ausgeschieden 
▼orkommen;  mit  der  Bildung  dieser  Mineralien  scheint  die  Bildung  des  Uralits 
aufzuhoren  und  statt  dessen  Hornblende  an  seine  Stelle  zu  treten.^'  The  term 
** uralite"  is  used  in  a  strict  sense  as  applying  to  a  mineral  possessing  the  outer 
form  of  augite  and  the  cleavage  planes  of  hornblende  (V.  Pogg.  Ann.  1831,  xiii. 
p.  321 ;  and  Jahrb.  f.  Min.  1832,  p.  237). 

»  "Reise  nach  d.  Ural,"  Band  II.  676. 


Br.  J.  8,  Hyland—Epi'dwritf9  in  Ireland.  207 

control  of  powerfnl  meohanioal  stresses."  ^  The  original  felspathic  con- 
stituent was  a  labradorite.  Some  few  well-doTeloped  lath-shaped 
sections,  parallel  to  the  M-face,  give  an  extinction  of  »  30^ ; 
this  denotes  the  presence  of  a  felspar  allied  to  Ab|  An,.  Saolx 
sections  show  the  albitio  lamellation.  The  mass  of  the  felspar  is, 
however,  particularly  striking  owing  to  the  want  of  this  stnation, 
to  its  granular  condition,  and  to  its  occurrence  in  conjunction  with 
qnartz  and  epidote.  This  combination  of  minerals  forms  under 
crossed  Niools  the  so-called  ''qnartz-felspar- (epidote) -mosaic":  it 
bears  every  aspect  of  being  secondary,  and  recalls  the  metamorphism 
of  labradorite  (Ab|  Aui  according  to  Schilling')  into  albite  with 
bye-products,  as  has  been  described  by  Lessen  in  the  case  of  the 
Hartz  diabases.'  .  The  siniUarity  being  so  strong,  we  may  therefore 
assume  that  a  like  alteration  has  been  effected  in  the  felspar  of  our 
Irish  Epi-diorites. 

The  albitic  character  of  the  secondary  felspar  has  been  inferred 
from  the  analyses  of  the  vein-felspars  so  frequently  observed  in 
rocks  of  this  class.  Qiimbel  ^  supplies,  for  instance,  an  analysis  of 
a  vein-"  albite  "  from  the  Fichtelgebirge,  whilst  Teall'  gives  the 
composition  of  the  vein-felspar  in  the  Scourie  Dyke  in  Sutherlaud- 
sbire  as  that  of  andesine.  From  his  analysis  I  have  calculated  the 
admixture  of  orthoclase,  albite,  and  anorthite  to  be  as  follows : — 

Orthoclase.  Albite.  Anorthite. 

10-40%  69-067o  28-787o 

8i02 68-16       =       6-72      -f-  40-64      +      12-42 

AI2O3   26-66                 1-92  11-63  10*67 

CaO 6-79                  —  —  6-79 

MgO    -66                  —  —  — 

NajO    6-99                  —  6-99  — 

K3O 1-76                 1-76  —  — 

100-01  10-40  6906  2878 

2-4  1 

This  would  represent  a  felspar  of  the  constitution  Auj,  Ab^.^,  t.e. 
a  felspar  intermediate  between  andesine  and  oligoclase. 

It  would  manifestly  be  more  accurate  to  analyse  the  felspar  which 
occurs  in  the  ground-mass  of  the  rock  itself;  but  no  attempt  has 
apparently  been  made  in  this  direction  owing  to  the  difficulties 
the  isolation  presents.  In  order  to  do  this,  the  rock  from  Convoy 
was  taken,  and,  after  being  powdered,  treated  with  weak  acid  in 
order  to  remove  the  small  quantity  of  calcite  present.  The  secondary 
felspar  was  then  separated  by  means  of  the  Sonstadt-solution :  its 
specific  gravity  was  found  to  be  2*645.  The  analysis  gave  the  follow- 
ing result : 

^  Judd,  ''  On  the  Processes  by  which  a  Plagioclase  Felspar  is  converted  into 
iScapolite,"  Min.  Mag.  viii.  No.  39,  p.  186  (13). 

*  '"  Gninsteine  des  Harzes,'*  Gottingen,  1869. 

'  "Stodien  an  metamorphischen  Eruptiv-  und  Sedimentgcst/'  Jahrbuch  d.  k. 
pKon.  geol.  Landesanstalt  fiir  1883,  Berlin,  pp.  619-640.  Also,  Erlauterungen 
va  geol.  Specialkarte  von  Prenssen,  Blatt  Wippra,  1883,  pp.  50  and  83. 

*  **Diepa]aolithi8chen  Eruptivgesteinedesl^ichtelj^ebirges,*'  Miinchen,  1874,  p.  14. 

*  British  Petrography,  p.  155. 
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Orthoclw.         Albite.      Anorthite. 

2-ll7„  7l-49*'/^    22317^ 

SiO, 62-86    =   62-74     -     1-36    +  49-07   +    9-68 

•Fe,0,   2-6  2-69  i         ^^^  ^^^^  ^^^ 

CaO  4-6  4-49  —  —  4*49 

K,0  0-86  0-36  0-86  —  — 

Na20     8-48  846  —  8-46  — 

H,0  1-3  1.3  —  —  — 

100-20        10000  2-11  71-49         22-31 


V-  y>-   ■  • 
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The  constitution  of  the  secondary  felspar  may  be  considered  as 
An^  Ab,^.  The  molecular  rearrangement  of  the  original  labradorite 
(Abi  An,)  has  resulted  in  the  formation  of  a  felspar  allied  to 
oligoclase.  We  have  accordingly  the  association  of  uralite  and 
oligoclase  in  the  rocks,  and  it  is  hence  interesting  to  recall  G.  Bose*8 
observations  upon  the  subject     {Vide  supra,) 

Owing  to  this  alteration  of  the  felspar,  a  large  amount  of  lime 
was  set  free,  which  induced  the  formation  of  epidote  and  zoisite. 
The  aggregates  of  these  two  minerals  are  sometimes  found  piercing 
the  bi-silicate  in  continuous  lines,  and  thus  preserve  the  ophitio 
structure  so  characteristic  of  dolerites. 

Iron-pyrites  and  ilmenite  are  present :  the  latter  is  mostly  altered 
into  granular  aggregates  of  sphene.  The  amount  of  chlorite  and 
quartz  is  naturally  in  direct  proportion  to  the  degree  of  alteration  the 
rock  has  undergone.     Apatite  is  rare. 

There  is  no  evidence  of  the  presence  of  either  scapolite  or  sahlite 
in  the  specimens  examined.  It  is,  however,  highly  probable  that 
both  these  minerals  are  to  be  met  with  in  the  greenstones  of  this 
district,  as  Sir  Charles  Giesecke  records  their  occurrence  at  the  old 
lead-mine  in  the  neighbourhood  of  Strabane,  Co.  Tyrone.*  The 
scapolite  shows  a  '^  four-sided  prism'' ;  whilst  the  sahlite  is  described 
under  the  old  name  *'baikalite."  The  same  mineralogist  calls 
attention  to  the  presence  of  *•  silver- white,  pearly  mica,  resembling 
lepidolite,"  at  Holyhill,  Co.  Tyrone,  where  he  also  observed  lievrite. 

14,  HutM  Street,  Dublin, 


III. — The  High  Continental  Elevation  preceding  the  Pleisto- 
cene Period  (in  America). 

By  Prof.  J.  W.  Spencer,  A.M.,  Ph.D.,  F.G.S., 

State  Geologist  of  Georgia. 
(Read  before  the  Geol.  Soc.  Am.,  August,  1889.) 

IF,  in  the  growth  of  the  American  continent,  the  moulding  of  the 
land    features  had  not   largely  depended    upon   its  projection 
above  the  sea,  favouring  or  retaiding  the  action  of  rains  and  rivers, 

*  The  Fe^Os  was  estimated  by  titration :  the  amount  is  certainly  high ;  but  the 
sp.g.  of  the  powder  (2*645)  shows  that  it  cannot  be  ascribed  to  the  presence  of 
epidote.  2  6970  of  Fe^Og  would  be  equivalent  to  an  admixture  of  about  6'87p  o^ 
epidote,  which  would  demand  a  sp.g.  of  about  2*9  {cf,  Cathrein,  **  Ueber  Saussurit," 
Zeite.  f.  Kryst.  Til.  241-242). 

1  loe,  dt,  pp.  208  and  219. 


Trof.  J.  W.  Spencer— ffigh  Continental  EkvaHon.      209 

in  Boulpturing  its  surface,  thete  would  be  little  interest  as  to  what 
was  its  relative  height,  before  the  oommenoement  of  the  Pleistocene 
period.  But  we  find  valleys  vastly  greater  than  meteoric  agents 
could  have  produced  under  existing  circumstances.  Thus,  there 
are  not  only  deep  canons,  but  also  vast  depressions,  descending 
to  levels  far  below  the  sea,  which  are  now  filled  with  the  earlier 
drift  accumulations,  or  form  channels  submerged  beneath  ocean 
waves,  or  constitute  basins  occupied  by  lakes.  Hence,  in  the  study 
of  the  drift  itself,  in  the  investigation  of  the  lake  history,  or  in  the 
i^search  upon  the  growth  of  modem  rivers,  we  necessarily  inquire 
what  was  the  altitude  of  the  continent  that  would  permit  of  the 
mouldings  and  channellings  of  the  original  rock  surfaces. 

Following  the  period  of  high  continental  elevation,  the  geologist 
sees  in  the  valleys  and  old  channels,  still  below  the  level  of  the  sea, 
and  in  the  high  level  beaches,  an  extensive  submergence,  succeeded 
by  a  re-elevation,  but  not  to  the  original  height,  when  the  continent 
was  being  chiselled  out  by  the  ancient  rivers.  That  this  re-elevation 
is  still  going  on  is  shown  by  the  northward  tilting  of  the  compara- 
tively recent  marine  accumulations,  along  the  St  Lawrence  valley 
and  gulf  coast,  and  the  raised  beaches  in  the  Lake  region,  as  well 
as  by  the  shoaling  of  the  waters  of  Hudson  Bay  during  the  present 
period  of  observation. 

As  general  statements  do  not  satisfy  investigation,  it  becomes 
necessary  to  search  for  definite  measurements  of  the  former  height 
of  the  continent  among  the  archives  of  the  geological  past.  Let  us 
first  seek  for  the  testimony  recorded  by  the  Mississippi  River. 

For  the  distance  of  eleven  hundred  miles,  measured  in  a  direct 
line,  above  the  mouth  of  the  **  Father  of  Waters,"  the  modern  valley 
is  merely  maintaining  its  own  size,  or  more  generally  is  being  slowly 
filled  by  the  deposition  of  river  alluvium  upon  its  floor.  There  are 
only  two  exceptions,  of  a  few  miles  each,  where  the  river  is  scouring 
out  the  rocky  floor,  and  these  are  over  barriers  recently  exposed, 
during  changes  of  the  Pleistocene  period.  To  such  an  extent  has 
the  ancient  valley  or  canon  been  filled,  first  with  drift,  and  this 
covered  with  river  alluvium,  that  its  original  rocky  floor  is  now 
buried  to  a  depth  of  170  feet,^  even  at  La  Crosse,  a  thousand  miles 
from  the  Gulf  of  Mexico.  Farther  south,  the  depth  of  these  loose 
deposits  increases,  until  at  New  Orleans  a  boring  of  630  feet '  below 
sea-level  does  not  penetrate  the  southern  drift,  nor  even  reach  to  its 
lowest  members.  The  lower  500  miles  of  the  ancient  Mississippi 
were  excavated  out  of  Eocene  or  Cretaceous  deposits,  whilst  the 
valley  above  the  mouth  of  the  Ohio  has  the  form  of  a  canon  exca- 
vated out  of  Paleeozoic  rocks,  varying  in  width  from  two  or  three 
to  ten  miles,  and  having  a  depth  (exclusive  of  the  nowfilled  portion) 
of  from  150  to  550  feet» 

From  this  inspection  of  the  river,  it  is  easily  seen  that  no  natui-al 


*  Geol.  Wis^Tol.  i.  p.  253. 

"         .  Joum.  Sc,  Nov.  1869,  p.  333. 

Warren,  Kept.  Eng., 


'  Prof.  E.  W.  Hilgard,  Am.  Joum.  Sc,  Nov.  1869,  p.  333. 
'  Vol.   Min.   and  Miss,  to  Junct.  of  Ohio ;  Gen.  U.  K. 


^.8.A.,  1878. 
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rainfall  could  so  increase  the  volume  of  the  disobarge  as  to  remove 
all  the  deposits  which  now  fill  the  old  valley,  much  less  excavate 
the  original  and  immense  canon.  A  vastly  greater  elevation  of  the  con- 
tinent would  be  necessary.  Even  were  the  whole  continent  uni- 
formly elevated  630  feet  together  with  the  remainder  of  the  unknown 
depth  of  the  ancient  Mississippi  River  at  New  Orleans,  the  canon  of 
the  upper  part  of  the  river  would  require  a  still  greater  relative 
elevation  of  the  northern  country,  in  order  to  give  sufficient  channel- 
ling power  to  the  flowing  waters.  But  the  slope  of  the  floor  of  the 
buried  valley  is  much  less  than  that  of  the  modem  one,  as  was  formerly 
shown  by  the  author.^  Here,  again,  is  the  proof  that  the  country  drained 
by  the  upper  waters  of  the  Mississippi  once  stood  much  higher  than 
at  present,  relatively,  to  that'  of  the  region  nearer  its  mouth.  Of 
the  amount,  which  was  at  least  many  hundreds  of  feet,  we  have  no 
absolute  measurement.  Nor  can  we  ascertain  it  by  calculation,  for 
there  is  no  registry  of  the  excess  of  the  amount  of  rainfall,  during 
the  epoch  of  the  greatest  sculpturing,  over  that  of  the  present  day. 

Whilst  these  records  of  the  Mississippi,  which  have  been  only 
partially  deciphered,  do  not  furnish  all  the  desired  information,  yet, 
as  far  as  they  go,  they  are  invaluable. 

Passing  from  the  buried  channel  of  the  Mississippi  to  its  con- 
^  tinuation,  now  submerged  beneath  the  waves  of  the  Gulf  of  Mexico, 
we  find  evidence  indicating  such  a  stupendous  continental  elevation 
as  to  be  almost  incredible  were  it  not  supported  by  collateral 
evidence,  upon  both  the  Pacific  and  Atlantic  coasts.  The  soundings 
off  the  coast  of  the  delta  of  the  Mississippi  indicate  the  outer 
margin  of  the  continental  plateau  as  submerged  to  a  depth  of  3600 
feet,'  indented  by  an  embay  men  t  of  another  hundred  fathoms  in 
depth,  at  the  head  of  which  there  is  a  valley,  a  few  miles  wide, 
bounded  by  a  plateau  from  900  to  1200  feet  above  its  floor.  This 
valley  is  now  submerged  to  a  depth  of  over  8000  feet,  and  is 
the  representative  of  the  channel  of  the  ancient  Mississippi  Kiver, 
towards  which  it  leads. 

On  the  Pacific  coast,  in  the  region  of  Cape  Mendocino,  Prof.  George 
Davidson  has  identified  three  valleys  now  submerged  to  from  2400 
to  3120  feet,  and  several  of  inferior  depth.  These  measurements 
are  those  of  the  valleys  where  they  break  through  the  marginal 
plateaux  of  the  continent,  at  about  six  miles  from  the  present  shore, 
where  it  is  submerged  to  the  depth  of  a  hundred  fathoms.' 

The  soundings  along  the  Atlantic  coast  reveal  similar  deep  fjords. 
The  extension  of  the  Hudson  River  beneath  the  Atlantic  waters, 
known  long  since,  is  traceable  to  the  margin  of  the  continental 
acquiring  a  depth  of  2844  feet,  in  front  of  which  the  soundings 
plateau,  show  a  bar,  covered  with  mud,  which,  however,  is  now 
submerged  to  the  depth  of  only  1230  feet.* 

The  as  yet  unpublished  soundings  off  the  mouth  of  the  Delaware 

»  J.  W.  Spencer,  **  Warping  of  the  Earth's  Crust,"  etc..  Am  Nat.,  Feb.  1887. 
«  J.  W.  Spencer,  "The  Miss.  Ri?er,  etc."  1884.     See  also  Coast  Survey  Charts. 
»  Prof.  George  Dayidson,  Bull.  Cal.  Acad.  8c. ,  ii.  6.  1887.  p.  265. 
«  A.  Lindenkohl,  Appendix,  No.  13,  Rept.  U.S.  Coast  Surrey,  1884,  pp.  270-273. 
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River  bring  to  light  another  mile;,  the  floor  of  whioh  is  now 
ooverttd  by  ocean  waves  to  nearly  1200  feet — its  oontiouation  aea- 
ward  not  having  been  ascertained. 

Were  the  continent  elevated  only  600  feet,  the  Qulf  of  Mnine 
would  be  replaced  by  a  terrestrial  plain,  in  some  places  200  miles 
wide,  but  traversed  by  rivers,  one  of  which  towards  its  month  would 
be  2061  feet  deep,  that  is  to  say,  the  bottom  of  the  fjord  is  now 
submerged  2661  feet.  Even  this  great  depth  may  not  be  its  maxi' 
mum,  for  along  the  line  between  the  opposite  banks,  at  the  mouth, 
now  beneath  a  hundred  fathoms  of  water,  we  tind  that  the  sea  is 
nearly  5000  feet  deep.  Whether  this  represents  an  embayment  of 
the  ocean,  setting  towards  the  valley,  or  a  oontinuation  of  the  fjord, 
is  not  determined.' 

The  Sl  Lawrence  Kiver  and  Gulf  bear  the  same  testimony  to  the 
existence  of  deep  fjords  extending  from  the  rivers  through  the  now 
§Qbmerged  plateau  forming  the  margin  of  the  continent.  The  lower 
part  of  the  Saguanay  River  flows  between  stupendous  walls,  and 
constitutes  a  fjord  whose  waten  reach  a  depth  of  8i0  feet.    In  the 
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6t.  Lawrence  River,  a  little  below  the  moutli  of  the  Saguenay,  there 
is  a  channel  1134  feet  below  the  surface.  This  incresses  iu  depth 
in  passing  seaward.  In  the  region  of  the  centre  of  the  modern  gulf 
the  floor  of  the  old  channel  is  now  submerged  1378  feet,  and  the 
siijacent  valley  1230  feet,  thus  showing  the  canon  as  bein^  over 
GUO  feet  deep.  As  at  the  mouth  of  the  channel  through  Ihe  Gulf  of 
Maine,  so  at  the  mouth  of  that  of  the  St.  Lawrence,  there  is  a  deep 
chasm,  for  enclosed  between  the  banks,  a  hundred  fathoms  below 
tl»  surface,  there  is  now  the  depth  of  3666  feet,  with  water  2000 
feet  deeper  just  seaward  of  it.  Although  this  ancient  valley  is  over 
>iity  miles  wide  at  its  mouth,  with  a  narrower  channel,  yet  it  is 
Hut  ae  broad  ae  some  portiuns  of  the  modem  so-called  river.  Tha 
'  U.S.  CoMt  Surrey  Chart*. 
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breadth  of  the  submerged  valley  tbroughont  its  windings  for  a 
length  of  800  miles  or  more,  is  remarkably  regular,  only  gradually 
inoreasing  its  magnitude  in  passing  seaward.  Other  lesser  channels 
are  visible  in  the  soundings ;  thus  south  of  the  Straits  of  Canso, 
between  Nova  Scotia  and  Cape  Breton  Island,  there  is  one  1200  feet 
deep,  where  adjacent  soundings  show  less  than  600  feet  of  water. 

Hudson  Bay  rarely  exceeds  a  depth  of  600  feet,  yet  at  the  outlet, 
the  channel  is  1200  feet  deep.  This  depth  increases  in  passing 
down  the  Straits,  where  the  scanty  soundings  show  2040  feet,  before 
reaching  the  mouth.  Here,  in  Hudson  Straits,  the  old  valley  is 
a  chasm  across  a  mountain  system,  whose  peaks,  upon  the  southern 
side,  rise  to  6000  feet  above  tide.  The  eanon  of  the  St.  Lawrence 
also  crosses  the  trend  of  two  mountain  systems,  but  these  are  of  no 
great  height.  The  same  is  not  true  for  any  of  the  other  submarine 
valleys  described. 

The  record  of  a  former  high  continental  elevation  is  again  in- 
scribed in  the  depths  of  the  Great  Lakes — Ontario  reaching  to  491 
feet  below  ocean-level ;  Superior  to  nearly  as  much ;  Michigan  to 
300;  and  Huron  to  150  feet  The  lake  bsisins  are  merely  closed- 
up  portions  of  the  ancient  St  Lawrence  valley  and  its  tributaries. 
Their  distance  from  the  sea  would  necessitate  not  merely  a  general 
elevation  of  the  continent,  but  also  a  greater  amount  of  elevation 
towards  the  head-waters  of  the  system,  as  has  been  shown  with 
regard  to  the  excavation  of  the  upper  portion  of  the  ancient  Missis- 
sippi canon.  The  lake-basins  are  all  excavated  out  of  Palseozoio 
rocks,  except  a  part  of  that  of  Lake  Superior. 

The  soundings  do  not  afford  ail  the  information  that  we  desire, 
yet  they  demonstrate  the  presence  of  submarine  valleys  reaching 
upon  all  our  coasts  to  depths  of  more  than  ^000  feet.  Again,  the 
soundings  show  that  to  within  comparatively  short  distances  from 
their  mouths,  the  depths  of  the  valleys  below  the  surface  of  the 
seas  sometimes  did  not  exceed  from  1200  to  1800  feet,  but  that 
beyond  there  was  a  great  increase  in  depth  within  the  last  few 
leagues. 

Whilst  depressions  in  the  earth's  surface  are  made  and  modified 
by  terrestrial  crust  movements,  yet  the  leaving  open  of  great  yawn- 
ing chasms  is  not  of  sufficiently  well-known  occurrence  to  attribute 
all  the  submerged  valleys  upon  the  American  coasts  to  such  an 
origin,  especially  when  we  consider  the  great  length  of  the  sub- 
merged channel  of  the  St  Lawrence  River  (800  miles),  its  various 
windings,  and  its  uniformly  increasing  size,  until  it  passes  into  the 
great  chasm,  just  before  it  reaches  the  margin  of  the  continent 

The  idea  of  the  excavation  of  these  submerged  valleys  by  glaciers, 
some  of  which  are  outside  of  glacial  regions  even  of  the  past,  is  too 
untenable  for  a  moment  of  serious  consideration.  Irrespective  of 
the  causes  which  have  determined  the  location  of  the  channels,  here 
described,  it  appears  that  they  have  been  made  one  and  all  by  the 
excavating  power  of  rivers  and  lateral  streams  pouring  down  the 
hill-sides.  These,  together  with  other  meteoric  agents,  have  also  to 
'^  ''Teater  or  less  extent  removed  the  Palaeozoic  and  the  Triassic 
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rocks,  from  the  depressions  now  occupied  by  the  Golfs  of  St.  Law- 
rence and  Maine,  which  have,  however,  been  more  or  less  affected 
by  terrestrial  movements. 

The  length  of  time  required  to  excavate  the  channels  of  these 
great  rivers  commenced  as  far  back  as  the  Palaeozoic  days.  How- 
ever, the  culmination  of  that  of  the  Mississippi  was  not  until  in  the 
later  Tertiary,  before  the  Pleistocene  period.  As  the  St  Lawrence, 
DOW  submerged  to  a  depth  of  over  1200  feet  for  a  distance  of  800 
miles,  is  mostly  cut  out  of  rocks  of  the  Palaeozoic  group,  except 
a  belt  of  the  Triassic  (acix)8s  the  lower  portion,  more  or  less  involved 
in  mountain  uplifts),  its  antiquity  must  be  very  great.  The  culmi- 
nation was  also  probably  in  the  later  Tertiary  era,  like  that  of  the 
Mississippi,  and  the  channels  on  the  California  coast,  for  there  are 
submerged  Tertiary  rocks  off  the  coast  of  Massachusetts  and  New- 
foundland, at  elevations  miich  higher  than  the  beds  of  the  old 
channels. 

Although  the  excavating  forces  took  so  many  periods  to  form 
the  valleys,  and  required  a  high  continental  elevation,  yet  the 
extreme  altitude  of  over  1800  feet  appears  to  have  been  of  com- 
paratively short  duration,  for  otherwise  the  deep  chasms  in  which 
the  submerged  channels  terminate  would  have  extended  farther 
inland  than  we  find  them,  and  would  have  been  headed  by  more 
gentle  slopes,  in  place  of  precipitous  cliffs,  over  which  the  waters  of 
the  former  rivers  were  precipitated  in  great  cascades.  In  the  fjords 
of  Norway,  merging  into  rapidly  contracting  valleys,  or  headed  by 
great  vertical  walls,  hundreds  of  feet  in  height,  having  the  structure 
named  cirques,  may  be  seen  to-day  the  counterpart  of  the  coast  of 
the  American  continent,  when  its  marginal  plateaux  stood  over 
8000  feet  higher  than  at  present;  yet  Norway  stood  once  much 
higher  than  now,  but  was  afterwards  submerged,  from  which 
depression  it  has  only  recently  been  re-elevated  so  that  its  plateaux, 
close  upon  the  sea,  rise  to  three  or  four  thousand  feet,  and  its 
mountains  still  higher. 

The  old  hydrography  is  more  or  less  disturbed  by  warpings  of 
tlie  earth's  crust,  which,  however,  do  not  obscure  the  valleys, 
although  rendering  the  features  somewhat  more  complex.  The 
amount  of  distortion  has  yet  to  be  determined.  - 


IV. — WoODWARDIAN    LabOBATOBT   NoTES. 

By  A.  C.  Seward,  M.A.,  F.G.S., 
St.  John's  College,  Cambridge. 

1. — SPBcino  Variation  in  Siqillarim, 

"VTO  better  example  could  perhaps  be  quoted  of  fossil  plants  which 
Xi  have  given  rise  to  a  number  of  species  and  even  genera 
founded  on  imperfect  and  fragmentary  specimens  than  the  SigillarioB 
and  Lepidodendra. 

Our  knowledge  of  the  internal  structure  of  these  plants  has  so 
far  increased  in  recent  years  that  we  are  now  able  to  appreciate  the 
differences  between  stems  or  branches  of  plants  which  have  beea 
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preserred  with  their  cortical  tissnes  entire,  and  those  which  have 
been  to  a  greater  or  less  extent  decorticated. 

Genera  like  Knorria,  Aspidiana,  Bergeria,  and  others  are  now 
generally  recognized  as  imperfectly  preserved  Lepidodendoid  stems. 

We  propose  to  confine  ourselves  in  the  present  instance  to  the 
Sigillaria.  As  a  general  rule,  for  purposes  of  classification  and 
specific  determination,  we  have  to  i*ely  on  certain  external  characters 
of  the  stems  or  branches.  Seeing  how  the  surface  of  a  partially 
decorticated  stem  differs  in  appearance  from  that  of  a  stem  with  its 
outermost  cortical  tissues  preserved,  one  cannot  be  too  careful  in 
selecting  well-preserved  specimens  before  venturing  to  make  any 
definite  statements  as  to  specific  character.  Mr.  Kidston '  lays  special 
stress  on  this  point.  He  remarks :  "  When  determining  the  various 
species  of  the  genera  Lepidodendron  and  Sigillariat  unless  the  outer 
surface  of  the  bark  is  well  preserved  and  exhibits  the  form  and 
arrangement  of  the  leaf-scars,  it  is  admitted  that  the  plants  do  not 
sbow  the  characters  by  which  a  specific,  or  even  in  some  cases  a 
generic  determination  can  be  made." 

The  SigillaricB  may  be  divided  into  four  sections  or  groups, 
BhytidoleptB  (Sternberg),  Favtdaria  (Sternberg),  Clathraria  (Brong- 
niart),  and  Leiodermaria  (Goldenberg) ;  or  a  more  convenient 
classification  is  that  adopted  by  M.  Zeiller,'  and  others,  where  we 
have  only  three  sections,  Rhytidolepis,  Clathraria^  and  Leiodermaria, 

Such  a  classification  as  this,  although  convenient,  is  necessarily 
unsatisfactory,  and  one  must  expect  from  time  to  time  evidence  to 
be  forthcoming  which  tends  to  break  down  the  artificial  barriers 
or  fill  up  supposed  gaps  between  the  representatives  of  the  several 
sections. 

Some  striking  examples  have  recently  been  brought  forward  by 
Herr  Weiss,  of  Berlin,  and  M.  Zeiller,  of  Paris,  of  connecting  links 
between  two  of  these  sections. 

It  may  not  be  without  interest  to  give  a  short  resume  of  the  three 
papers  in  which  proofs  are  given  of  the  gradual  passage  from  a  t^pe 
figured  by  Solms-Laubach*  as  representative  of  one  section,  Leto^er- 
maria,  to  one  quoted  by  him  as  an  example  of  another  section, 
Clathraria, 

In  the  "  Zeitschrift  der  Deutschen  Geologischen  Gesellschaft," 
for  1888,  p.  665,  there  appeared  a  short  notice  by  Weiss,  **  Ueber 
neue  Funde  von  Sigillarien  in  der  Wettiner  Steinhoblengrube."  In 
this  paper  he  deals  especially  with  specimens  of  SigiUaria  recently 
found  in  the  Coal-measures  of  the  Wettin  district,  SigiUaria  apinu- 
losa  (Germar),  belonging  to  section  Leiodermaria y  and  S.  Brardi 
(Brongniart),  one  of  the  Clathrarim  {Cancellata,  Weiss).  To  quote 
Weiss's  words — "  Of  exceptional  interest  is  a  large  series  of  speci- 
mens which,  beginning  with  S,  spinulosa,  gradually  passes,  almost 
without  a  break,  into  S,  Brardi,  In  this  case  there  is  no  recogniz- 
able division  between  Leiodermaria  and    Cancellata,   indeed   it  is 

*  Ann.  and  Mat.  Nat.  Hist.  vol.  xtI.  5th  series,  p.  123. 
'  Flore  fossile  du  bassin  houiller  de  Valenciennes,  p.  512. 
'  Einleitong  in  die  Palaophytologie,  p.  249. 
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difficult  to  separate  the  species  of  this  serieB  from  one  another." 
He  goes  on  to  describe  Qermar's'  8,  spintdosa,  oharacterized  by  an 
even  surface  and  peculiar  small  scars  occurring  below  the  leaf- 
scara,  probably  representing  points  of  attachment  of  roots ;  these 
Bears,  which  gave  rise  to  the  term  spintdosa,  are  found  to  be  by  no 
means  constant  in  their  occurrence.  Some  specimens  are  mentioned 
by  Weiss,  from  the  Halle  Collection,  which  agree  in  all  points  with 
S.  spinuloaa,  except  that  the  root  (?)  scars  are  absent ;  the  surfaces 
of  these  specimens  are  marked  with  longitudinal  and  transverse 
wrinklings.  Immediately  below  the  leaf-scars  the  transverse  wrink- 
lings appear  more  prominent  than  the  longitudinal,  and  this  region 
becomes  to  some  extent  emphasized  or  distinct.  In  all  the  specimens 
these  transverse  and  longitudinal  wrinklings  occur  more  or  less 
pronounced ;  the  subquadrate  form  of  the  leaf-scar  is  another  fairly 
constant  character.  On  examining  the  series  of  specimens  Weiss 
noticed  that  the  leaf-scars  were  farther  apart  in  the  forms  with  an 
even  stem  surface,  and  that  the  distances  between  them  diminished 
as  the  leaf-cushions  became  more  and  more  developed,  or,  in  other 
words,  as  the  Claihraria  character  became  more  marked.  Four 
figures  are  given,  showing  a  passage  from  a  Leiodermarian  form  in 
which  the  wrinklings  on  the  surface  of  the  stem  are  very  conspicuous, 
and  in  which  there  is  an  indication  of  undulating  lines  between  the 
leaf-scars,  through  an  intermediate  form,  called  by  Weiss  S,  Wet' 
tensis,  to  the  typical  S.  Brardi,  As  the  leaf-cushions  become  more 
and  more  completely  formed,  the  surface  wrinklings  become  less 
and  less  conspicuous.  Clear  evidence  is  given  of  an  intimate  con- 
nexion between  the  two  sections  Leiodermaria  and  Clathraria, 

In  the  Neues  Jahrbuch  fiir  Mineralogie,  etc.  (Jahrgang  1889, 
p.  376),  Weiss  brings  forward  further  evidence  of  the  absence 
of  any  definite  line  of  demarcation  between  Leiodermarian  and 
Clathrarian  types.  A  piece  of  thick,  somewhat  flattened  stem,  is 
described  from  the  collection  in  the  Halle  Museum,  showing  on  one 
8i<le  the  Clathrarian  type  S.  Brardi,  and  on  the  other  side  the 
Leiodermarian  type  S.  spintdosa.  A  second  specimen  is  referred  to 
from  Halle  which  shows  a  passage  from  a  form  resembling  S. 
Defrancei  (Brongniart),  one  of  the  Clathraria,  to  a  Leiodermarian 
form.  The  facts  adduced  by  Weiss  are  considered  by  him  to  show 
that  in  certain  cases  the  Leiodermaria  form  of  surface  represents 
a  later,  the  Claihraria  form  an  earlier  state  of  the  plant^s  growth. 
This  does  not,  says  Weiss,  hold  good  probably  in  all  cases ;  possibly 
many  Sigillaria  have  Leiodermarian  characters  during  the  whole 
of  their  life,  and  others  retain  Clathrarian  characters.  Some  cases. 
however,  occur  where  the  two  types  are  simply  expressions  of 
differences  in  age  or  development. 

Weiss  divides  the  Sigillaria  into  two  main  groups  : — 

A.  Subsigillaria.  B.  Eusigillaria. 


f  N  ^  -y 

1.  Leioderinar\€d,      2.  Cancellaia.  3.  Favularia.       4.  Rhytidolepia, 

^  Die  Yenteinerangen  des  Steinkohlengebirges  von  Wettia  und  Lb\>e^\ixi.  \ai. 


XSL^. 
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It  is  known  that  FavuJaria  and  Rhytidolepis  pass  into  OaneeUaia  and 
Favularia ;  that  Leiodermaria  pass  into  Clathraria  has  already  been 
shown.  One  may  quote  here,  as  bearing  on  the  remarks  of  Weiss, 
a  sentence  from  Solms-Laabaoh,^  *<  Whilst  BhyUdolepia,  Clathraricij 
and  Fatndaria  are  connected  with  one  another  by  intermediate  forms, 
the  same  cannot  be  said  of  the  Leiodermaria,  in  which  the  leaf- 
cushions,  as  such,  are  entirely  wanting,  and  on  whose  perfectly 
pmooth  cortical  surface  the  leaf- scars  are  situated  at  a  considerable 
distance  from  otie  another."  In  the  '*  Bulletin  de  la  Societe 
geologique  de  France," '  M.  Zeiller  publishes  some  interesting  note?, 
<*Sur  les  Variations  de  formes  du  SigiUaria  Brardi,  Brongniart," 
in  which  he  begins  by  referring  to  the  attempt  made  by  Boulay' 
to  reduce  the  unnecessarily  large  number  of  species  of  Sigillarin. 
Zeiller  ^  himself  has  pointed  out  certain  differences  which  should  be 
referred  to  differences  in  growth,  and  are  not  such  as  to  justify  the 
separation  of  distinct  species. 

A  photograph  is  given  by  Zeiller  of  a  specimen  of  SigiUaria 
showing  perfectly  clearly  that  Leiodermarian  and  Claihrarian  types 
pass  into  one  another.  In  the  upper  part  of  this  specimen  the  leaf- 
scars  are  very  prominent,  broader  than  high,  and  separated  by  well- 
marked  grooves,  in  fact  we  have  here  the  characters  of  S.  BrardL 
Towards  the  lower  end  of  the  specimen  the  grooves  gradually  dis- 
appear and  the  leaf-scars  get  farther  apart,  the  cushions  become  less 
and  less  distinct  and  the  surface  becomes  even,  having  the  charac- 
teristic wrinkling  ornamentation.  Still  further  towards  the  lower 
end  the  leaf-scars  tend  to  come  together  again.  The  middle  part  of 
the  specimen  corresponds  very  closely,  except  in  having  no  root  (?) 
scars,  with  S.  spinulosa.  "  S.  spintdoaa  is  then  only  a  condition  of 
S.  Brardi,  corresponding  to  a  more  rapid  elongation  of  the  stem  or 
branches."  By  examining  very  carefully  the  S.  spinulosa  part  of  the 
specimen,  a  slight  indication  can  be  detected  of  the  leaf-cushions, 
which  become  gradually  more  pronounced,  until  we  have  finally 
S.  Brardi,  In  other  parts  the  surface  of  the  stem  is  perfectly  even, 
and  no  traces  of  leaf- cushions  can  be  seen.  M.  Zeiller  points  out 
that,  in  spite  of  these  variations,  there  are  certain  features  which 
remain  constant ;  the  form  of  the  leaf-scars,  the  relative  position  of 
the  cicatriculse  on  the  leaf-scars,  and  the  mode  of  ornamentation  of 
the  bark.  M.  Zeiller  ^  has  previously  given  what  he  considers  the 
most  constant  characters  on  which  to  relv  in  the  determination  of 
species.  In  the  present  paper  reference  is  made  by  Zeiller  to  a 
specimen  of  8,  spinulosa  described  by  Renault  showing  leaf- scars 
on  the  fruit-bearing  branches  corresponding  in  shape  and  position 
to  those  of  S,  Brardi. 

Attention  is  called  to  the  fact   that  although  such   apparently 
different  types  as  S.  spinulosa  and  8,  Brardi  have  been  shown  to  be 

*  he.  eit,  p.  261. 

*  3«  B6r.  t.  17(1889),  p.  603. 

'  Le  terrain  honiller  du  Nord  de  la  France,  p.  47. 

*  Flore  foss.  du  bassin  houiller  de  Yalencienues,  p.  513. 
A  Ibid.  p.  613. 
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simply  different  oonditions  of  one  and  the  same  plant,  yet  there  are 
certain  distinctions  and  constant  characters  which  must  keep  us  on 
our  guard  against  uniting  as  one  species  what  are  really  distinct 
forms.  One  of  the  examples  cited  in  illustration  of  this  is 
8.  MoureUf  which  suggests  a  very  close  relationship  with  S.  Brardi; 
it  is  distinguished,  however,  from  S.  Brardi  hy  the  complete  absence 
of  an  indentation  on  the  upper  edge  of  the  leaf-scars,  by  the  higher 
position  which  the  cicatricul»  occupy  on  the  leaf-scars,  and  by  the 
round  form  of  the  lateral  cicatricuIsB  placed  somewhat  above  the 
central  or  vascular  bundle  cicatricula. 

As  further  illustrating  the  variations  in  size  of  the  leaf-cushions 
and  leaf-scars  on  one  and  the  same  specimen  I  may  add  a  few  notes 
on  three  specimens  which  I  had  the  opportunity  of  examining  last 
year  in  the  museums  of  Berlin  and  Breslau. 

1.  Sigillaria  of  Rhytidolepts  type  from  the  Goal-measures  of  Alte- 
nessen ;  in  the  Bergakademie  Museum,  Berlin.  This  specimen 
serves  to  show  the  differences  in  the  size  of  the  leaf-scars,  the 
variation  in  breadth  of  the  furrows  and  in  the  distances  between 
the  scars.  Four  ribs  shown,  three  rows  of  leaf-scars.  Breadth 
between  ribs  1  &  2  »  3cm. ;  between  ribs  2  &  3  «  2 '3cm.  Length 
of  leaf-scar  between  ribs  1  &  2  »  9  mm. ;  breadth  of  ditto  =  1*2  mm. 
The  distance  between  the  leaf-scars  in  the  first  fuiTOw,  i.e.  between 
ribs  1  <fe  2,  varies  from  1*1  cm.  to  1*3  cm.  Length  of  leaf-scar 
between  ribs  2  &  3  =  1  cm. ;  breadth  of  ditto  =  8  mm.  The  leaf- 
scars  in  the  third  furrow,  i.e,  between  ribs  3  &  4,  correspond  closely 
with  those  in  the  second  furrow.  The  specimen  agrees  closely  with 
S,  principis  (Weiss)  and  S.  laevigata  (Brongniart). 

2.  Sigillaria  from  Coal-measures  of  Bochum ;  in  the  "  Goeppert 
Collection,"  Breslau  University  Museum.  Length  of  stem,  28  cm.  : 
average  breadth  =  6  cm.  Details  not  very  clear.  At  the  upper 
end  the  leaf-scars  and  cushions  are  of  the  Rhytidolepis  type ;  the 
distance  between  these  leaf-scars  =  3  to  4  mm.  Breadth  of  leaf- 
scar  =  3*5  mm. ;  length  =  3*6  mm. 

Passing  down  the  stem  the  leaf-scars  rapidly  get  closer  together, 
until  they  are  almost  contiguous,  showing  a  paissage  from  a  Rhyti' 
dolepis  to  a  Favularia  type.  Towards  the  lower  end  of  the  specimen 
are  indications  of  vertical  fruit-bearing  scars,  below  this  tlie  leaf- 
scars  become  farther  apart  again.  Zeiller*  figures  a  specimen 
showing  a  somewhat  similar  case  of  variation  in  the  distances 
between  the  leaf-scars  (S,  Sauveurit  Zeiller). 

3.  Sigillaria,     Specimen  in  the  "  Goeppert  Collection.*' 

The  leaf-scars  of  the  upper  part  have  a  breadth  of  4*5  ram.,  and 
a  length  of  2  mm. ;  on  the  lower  part  the  leaf-scars  have  a  breadth 
of  2*6  mm.,  and  a  length  of  2  mm.  The  former  agree  closely  with 
S,  microrhombea  (Weiss),'  var.  nana,  the  latter  with  S.  cancriformis 
(Weiss),  vars.  Faidina  and  S,  acarifera, 

*  lo€.  eit.  pi.  IxixiT.  fig.  1. 

'  For  figures  of  Weiss's  species,  v.  "  Die  Sigillarien  der  Preussischen  Stein- 
kohlengebiete,"  Abhand.  zur  Geolog.  Special- Karte  von  Preussen  und  den 
Ihuringischen  Staaten,  Band  VII.  Uett.  3,  Taf.  vii.  and  xiy. 
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2. — Ttlodbxduok,  Wbi88,  and  Volteia  SBTmoPHYLLA,  Bbokon. 

IN  1869  Prof.  Weiss  institated  a  new  genus  Tylodendron,  whicK 
he  defined  as  follows:' — ''Plantae  arboreae,  amplis  intervalliB 
ramosae.  Rami  teretes,  longi  crassique,  obtuse  terminati,  pulvinis 
rliombeis  plus  minnsve  elongatis  et  acuminatis  spiraliter  dispositifi 
aequalibus  vel  repetito-abbi-eviatis  tecti.  Pulvinorum  pars  superior 
sulco  acuto  ab  altissima  pulvini  parte  orients  in  crura  bina  parallela 
contigua  longissima  divisa.  Corpus  ligneus  vasa  porosa  poris  1-, 
2',  3-Beriati8  confertis  et  radios  meduUares  notatos  exhibens;  annuli 
lignosi  inconspicui." 

The  general  characteristics  of  the  genus  are  considered  to  be  those 
of  a  Conifer;'  the  only  point  in  which  a  difference  exists  being  the 
presence  of  a  slit  in  each  of  the  elongated  areolsB :  this  slit  Weiss 
regards  as  an  indication  of  the  former  existence  of  a  resin-canal,  like 
those  which  occur  in  the  leaves  and  stems  of  our  recent  Conifers. 
It  is  suggested  as  possible  '"*  that  the  present  surface  of  the  fossil, 
which  is  covered  with  rhombic  areolae,  may  represent  the  internal 
cast  of  a  stem. 

Dr.  Potonie,  of  Berlin,  contributed  a  paper  to  the  "  Jahrbuch  der 
Eiinigl.  preuss.  Geologischen  Landesanstalt  for  1887,  p.  311,^  in 
which  he  gave  the  results  of  a  detailed  examination  of  several  speci- 
mens and  sections  of  Tylodendron ;  he  arrived  at  the  conclusion  that 
Tylodeudron  is  not  the  wood,  but  the  pith  of  a  Conifer,  probably 
that  of  an  Araucaria.  Ariisia  is  referred  to  as  a  similar  case  of 
a  pith-cast,  whose  true  nature  was  first  brought  to  light  by  an 
examination  of  sections  showing  internal  structure.  Pith-casts  of 
Stigmaria  occur  which  bear  a  close  resemblance  to  Tylodendron. 
Potonie  cites  figures  given  by  Williamson*  as  instances  of  such 
casts  :  Bg.  65  of  Williamson's  monograph  shows,  for  example,  not 
only  similar  rhombic  areolas,  but  also  the  slits  extending  along  half 
the  length  of  each  areola  as  Tylodendron.  Weiss  has  figured  his 
specimens  of  Tylodendron  in  an  inverted  position,  he  regarded  the 
pointed  end  of  the  specimen  in  Tab.  xix.  and  xx.  as  representing  the 
tapering  off*  of  the  stem  towards  the  upper  end  :  as  a  matter  of  fact, 
according  to  Dr.  Potonie,  the  slit  extends  from  the  lower  end  of  each 
rhombic  areola,  and  marks  the  position  of  the  foliar  bundles,  as  that 
in  Stigmaria  shows  the  position  of  the  rootlet  bundles. 

Dr.  Potonie  has  examined  a  large  number  of  recent  coniferous 
stems,  and  finds  that  a  cast  of  the  medullary  cavity  of  Araucaria 
hrasiliana   closely  resembles    small    specimens   of   Tylodendron.^    1 

*  ^*  Fossilen  Flora  der  jiingsten  Steinkohlenformation  nnd  des  Rothliegenden  im 
8aar-Rhein-gebiete,"  p.  182. 

'  Parkinson  figures  a  fragment  of  what  appears  to  be  Tylodendron  ;  no  locality  is 
mentioned,  see  **  Oreanic  Kemains  of  a  Former  World,**  toI.  i.  pi.  ilL  fig.  4. 
'  Foasilen  Flora  aer  jiinnten  Steinkohlen,  etc.,  p.  183. 

_J  ••  Ueber  die  fossile  Planzen-Gattung  Tylodendron.**    Three  plates  accompany 
""  iUutrmting  the  external  appearance  and  microscopic  structure  of  Ty(0' 

»h  cm  the  Morphology  and  Histology  of  Stigmaria  Ficoides. 
Sodety,  1887),  pi.  xiii  figs.  64  and  65. 
0U*  Taf.  xm.  a. 
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have  bad  an  opportanity  of  seeing  the  original  specimens  on  which 
Weiss  founded  his  genus,  and  dso  the  casts  taken  by  Potoni6  of 
medullary  cavities  of  recent  Conifers.  I  was  at  once  struck  with  the 
practical  identity  of  the  two  sets  of  specimens,  and  felt  convinced  of 
the  correctness  of  Potonie^s  conclusions. 

In  looking  through  the  collection  of  fossil  plants  in  the  Strassburg 
Geological  Museum,  I  found  a  specimen  of  Voltzia  heterophylla  which 
seemed  to  me  a  most  interesting  example  of  a  case,  in  which  what 
looks  like  a  cast  of  an  entire  stem  covered  with  elongated  leaf-bases, 
should  in  reality  be  considered  as  simply  a  cast  of  the  medullary 
cavity. 

The  elongated  areols,  I  consider,  correspond  to  those  of  Tyloden^ 
iron,  and  represent  casts  of  the  inner  ends  of  the  primary  medullary 
rays.  All  tiiat  remains  of  the  wood  and 
cortical  tissues  is  a  small  amount  of  carbona- 
ceous matter  on  either  side  of  the  central  cast. 
In  this  specimen  of  Voltzia  the  areolaa  are 
more  elongated  than  in  Tylodendran ;  but  in 
both  cases  we  have  the  slit  extending  up- 
wards from  the  lower  end  of  the  areolaB 
representing  the  position  of  the  foliar  bundles. 
The  Voltzia  cast  shows  no  periodic  swellings 
as  in  Tylodendron,  nor  any  alteration  in  the 
length  of  the  areolae  such  as  occurs  in  the 
neighbourhood  of  the  swollen  portions  of 
the  latter  genus.  Similar  swellings  and 
accompanying  variations  in  the  length  of 
the  areolae  occur  in  casts  of  medullary  cavities 
of  recent  Araucaria  at  points  where  verticils 
of  branches  are  given  off.  The  specimen 
referred  to  closely  resembles  those  figured  by 
Schimper'  from  the  same  locality — Soulx-les- 
Bains.  The  axis,  which  consists  of  an  iron- 
stained  core,  projects  above  the  surface  of 
the  rock ;  the  elongated  lozenge-shaped  areas 
are  not  sufficiently  well  preserved  in  all  parts 
to  be  accurately  measured ;  but  in  Fig.  1,  I  have  attempted  to  re- 
present a  few  of  them  as  correctly  as  possible.  On  each  side  of 
the  iron-stained  axis  are  traces  of  carbonaceous  matter ;  some  also 
occurs  here  and  there  on  the  axis  itself.  In  the  Palaeontographica 
for  1886^  Dr.  Blanckenhorn  figures  and  describes  some  fragments 
of  what  he  considers  Voltzia  heterophylla :  these  figures  agree  closely 
with  the  specimen  here  described.  Blanckenhorn's  specimens  are 
described  by  him  as  branches  from  which  the  leaves  have  fallen, 
their  surfaces  being  covered  with  long  leaf-cushions  separated  from 
one  another  by  furrows :  each  cushion  has  a  groove  extending  from 
the  lower   end   to   the  middle.     The  close  resemblance  of  these 

J  Schimper  et  Moa^ot,  Plantes  Fossiles  du  gr^s  bigarr^,  pt.  1,  tab.  xiv.  etc. 
*  *'  Die  Fossile  Flora  des  Buntsandsteins  und  des  Museholkalks  der  Umgegend  yon 
Commem  *'  (Paloontographica,  Band  xxxii.j,  p.  136,  taf.  xxii.  18-ZO. 


Fio.  1.  —  Length  of 
areola  1  =  8  mm.  2 
=  9  mm.     3  =  1  cm. 
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branches  to  Tylodendron  is  pointed  out  by  Blanokenhom,  wbo  agrees 
with  Weiss  that  the  slits  in  the  so-called  leaf-cushions  represent 
resin  canals. 

That  these  specimens  described  by  Blanckenhom  are  really  casts 
of  medallary  cavities  of  Voltzia  heterophylla  I  have  no  donbt ;  what 
be  took  for  leaf-cushions,  and  what  Weiss  regarded  as  such  in  the 
case  of  Tylodendron^  are  the  casts  of  the  internal  ends  of  the  medul- 
lary rays,  and  represent  radial  prolongations  of  the  medullary  tissue. 


V. — The  Physiography  of  the  Lowkb  Trias. 
By  A.  J.  Jukes-Browne,  B.A.,  F.6.S. 

THE  question  of  the  physical  conditions  under  which  the  Lower 
Triassic  sandstones  and  pebble-beds  were  formed  is  certainly 
one  which  should  interest  all  readers  of  the  Geological  Magazine, 
if  only  that  it  is  strange  that  it  should  still  be  an  open  question 
whether  bo  important  a  formation  is  of  marine  or  fluviatile  origin. 

Perhaps  a  few  words  from  one  who  takes  a  keen  general  interest 
in  the  subject,  but  who  has  no  special  theory  to  defend,  may  help  to 
define  the  issues  and  to  show  how  far  the  argumenta  adduced  on 
each  side  influence  a  reader  who  had  no  previous  bias.  Far  be  it 
from  me  to  pose  as  a  judge  or  arbitrator.  I  only  wish  to  write  from 
the  "  intelligent  public  "  point  of  view. 

As  Mr.  Mellard  Reade  opened  the  present  discussion,  I  take  his 
arguments  first,  and  three  of  them  seem  to  be  strong  points : — 

1.  The  universal  sandiuess  of  the  Lower  Trias.  Considering 
that  the  deposit  rests  on  and  against  Carboniferous  Limestone,  Mill- 
stone-grits, Coal-measures  and  Permian  rocks,  it  is  curious  that 
pebbles  derived  from  these  rocks  should  be  so  rare  in  the  Triassic 
conglomerates ;  where  too  has  all  the  shaly  material  from  the 
Carboniferous  series  gone  to  ?  These  questions  are  greater  difficul- 
ties on  the  fluviatile  than  on  the  marine  hypothesis.  Prof.  Bonney 
does  not  attempt  any  actual  explanation,  but  only  cites  analogous 
cases  from  the  Alpine  regions. 

2.  The  existence  of  Lower  Trias  sandstone  in  the  vale  of  Clwyd, 
a  valley  that  drains  from  south  to  north,  is  admitted  as  a  difficulty 
by  Prof.  Bonney. 

3.  The  greater  thickness  of  the  pebble-beds  in  the  midland 
counties  and  the  diminution  in  the  size  of  the  pebbles  toward  the 
north.  This  is  certainly  a  valid  argument  against  the  theory  that 
the  pebbles  have  been  brought  from  the  north,  and  so  far  as  I  am 
aware  it  has  never  been  fully  met  by  Prof.  Bonney. 

Let  us  now  turn  to  the  three  points  adduced  by  Prof.  Bonney  in 
the  Geol.  Mag.  for  February  as  adverse  to  Mr.  Keade's  view  ;  and 
of  which,  by  the  way,  only  one  is  discussed  in  Mr.  Headers  rejoinder. 

1.  The  strength  of  the  marine  currents  necessary  to  move  large 
pebbles  in  water  of  any  depth.  This  is  partially  met  in  Mr.  Beade's 
reply,  but  the  facts  he  quotes  are  not  very  convincing,  and  Mr. 
Hunt's  letter  in  the  same  number  challenges  the  accuracy  of  his 
inferences.     The  idea  that  the  deep  valley-like  trench  in  the  Irish 
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Sea  bas  been  excavated  by  tbe  tidal  sconr  is  surely  a  coinj>lete 
assumption  ;  by  many  it  is  regarded  as  an  ancient  submerged  valley. 

2.  If  tbe  waters  of  tbe  Lower  Trias  were  marine.  Prof.  Bouney 
naturally  asks  in  wbicb  direction  tbey  communicated  witb  tbe  open 
sea?  I'be  group  tbins  out  botb  nortbward  and  soutbward,  and  it  is 
also  doubtful  wbetber  tbere  was  any  connection  between  tbe  eastern 
and  western  basins  at  tbis  period.  The  Buuter  beds  are  tbickest  in 
Kortb  Cbesbire,  and  if  tbere  was  any  communication  witb  tbe  open 
sea,  Mr.  Beade  must  be  prepared  to  bring  in  tbe  Atlantic  either 
through  St.  George's  Channel  or  the  North  Channel. 

3.  The  question — Could  such  thick  pebble-beds  be  accumulated 
on  a  sea  floor  ? — is  certainly  one  which  requires  an  answer,  and  has 
not  been  answered  by  Mr.  Reade. 

To  sum  up,  it  seems  to  me  that  each  advocate  bas  one  strong  point 
wbicb  bas  not  been  met  by  bis  opponent,  and  that  one  or  the  other 
of  these  diflBculties  must  be  explained  before  either  theory  can  be 
accepted  as  geological  history. 

If  tbe  pebbles  were  brought  from  Scotland  in  Triassic  times,  as 
Prof.  Bonney  believes,  bow  did  the  largest  pebbles  get  spread  out 
into  a  conglomerate  90  feet  thick  at  that  end  of  the  basin  wbicb 
would  be  farthest  from  the  source  of  the  river  ? 

If  on  tbe  other  hand  we  are  to  entertain  the  introduction  of  a 
Triassic  sea,  Mr.  Beade  must  not  only  indicate  how  its  waters  gained 
access  to  the  midland  counties,  but  how  such  thick  beds  of  pebbles 
could  be  accumulated  beneath  this  sea. 

With  regard  to  the  nut  that  Prof.  Bonney's  hammer  is  expected 
to  crack,  I  would  like  to  ask  why  he  feels  so  sure  that  the  pebbles 
came  from  Scotland  in  Triassic  rivers,  and  why  they  should  not 
have  been  derived  from  some  still  older  conglomerate,  the  remnants 
of  which  are  now  concealed  from  view.  The  existence  of  a  breccia 
at  the  base  of  the  Bunter  conglomerates  in  Worcestershire  is  an 
interesting  fact.  Are  the  contents  of  the  breccia  all  of  local  origin, 
or  are  there  quartzites  among  them  ? 

Witb  respect  to  the  accumulation  of  pebble-beds,  I  think  Mr. 
Beade  might  have  asked  Prof.  Bonney  why  he  need  assume  that  the 
water  was  deeper  in  the  south  than  the  north  ?  Triassic  levels  were 
not  the  present  levels,  and  though  Prof.  Bonney's  theory  demands 
a  continuous  southerly  slope,  that  of  Mr.  Beade  does  not,  and  I  fail 
to  see  why  tbere  must  have  been  deep  water  over  Central  England 
in  order  to  bring  tidal  waves  over  the  north-western  region. 

Finally,  is  there  any  proof  that  the  pebble-beds  were  laid  down 
everywhere  at  tbe  same  time,  and  might  not  the  Staffordshire  beds 
have  been  originally  beaches  at  the  head  of  a  bay,  subsequently 
spread  out  and  distributed  by  storm  waves  (not  tidal  waves)  during 
a  somewhat  rapid  subsidence  of  the  area?  Could  not  subuiarine 
pebble-beds  of  considerable  thickness  be  formed  in  this  way  ?  I  am 
only  suggesting  an  answer  to  Prof.  Bonney's  question,  and  asking 
for  its  consideration.  I  am  not  adopting  it  as  a  theory,  for  I  cannot 
yet  see  that  there  is  a  single  item  of  positive  evidence  for  the  marine 
origin  of  tbe  Lower  Trias. 
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VI. — ThC  CuLM-lfCASUBBS  AT  BUDC,   NOBTH  CORMWALL. 
By  Hajor-General  C.  A.  MoMahon,  F.6.S. 

11,1  Y  paper  on  the  Culm-measures  at  Bude  has  elicited  two  com- 
jjJi  muDications,  from  Messrs  W.  Maynard  Hutchiogs  and  Alfred 
Barker,  on  which  I  desire  to  offer  a  few  comments. 

I  take  this  opportunity  of  saying  that  I  am  extremely  glad  to 
find  that  the  conclusion  at  which  I  arrived  regarding  the  impoteuoe 
of  pressure  alone  to  produce  metamorphism  is  in  accord  with  the 
published  views  of  my  friend  Mr.  J.  J.  Harris  TealL  "  Pressure " 
alone,  he  states,  in  a  footnote  at  p.  410  of  his  valuable  work,  British 
Petrography,  ''produces  no  effects  on  rocks — work  must  be  done 
upon  rocks  before  change  takes  place."  This  footnote  escaped  my 
memory  at  the  time  of  writing  my  paper,  or  I  should  have  called 
attention  to  it. 

I  now  turn  to  Mr.  W.  M.  Hutching8*8  letter.  He  points  out  that 
he  collected  two  specimens  of  Bude  rocks  **a  few  inches  apart," 
and  after  "  a  close  study  of  very  thin  portions  of  slides  under  high 
powers,"  he  found  acicnlar  crystals,  and  dark  rods  of  rutile,  "  per- 
fectly distinct  fix)m  any  bits  of  that  mineral  which  may  have  come 
from  older  rocks." 

I  did  not  notice  any  rutile  in  my  slices ;  but  whilst  I  readily 
accept  Mr.  Hutchings's  assurance  that  high  powers  applied  to 
specially  thin  portions  of  his  slides  revealed  the  presence  of  rutile, 
I  fail  to  see  how  this  fact  proves  that  metamorphism  has  been  set  up 
in  the  Bude  rocks. 

Mr.  Teall  has  shown  ^  that  rutile  needles  occur  abundantly  in 
rocks  so  absolutely  untainted  with  a  suspicion  of  metamorphism  as 
clays ;  moreover,  Mr.  Dick  found  rutile  in  the  Hampstead  Sands.* 

Unless  Mr.  Hutchings  can  adduce  cogent  evidence  to  prove  that 
the  rutile  needles  in  his  Bude  specimens  were  formed  after  the  Bude 
beds  were  laid  down,  I  think  the  natural  inference  is  that  they  were, 
like  the  needles  of  this  mineral  found  by  Mr.  Teall  in  his  clays,  and 
the  crystals  in  the  Bagshot  Sands  of  Hampstead  Heath,  floated  to  the 
spot  with  the  rest  of  the  fine  material  of  which  these  beds  are  com- 
posed. Mr.  Hutchings,  it  is  true,  alleges  that  his  slides  contain 
•*  secondary  sericitic  mica " ;  but  he  does  not  favour  us  with  any 
evidence  to  prove  either  that  the  mica  is  sericite  or  that  it  is  of 
secondary  origin. 

Rosenbusch  says,  **  the  optical  behaviour  "  of  sericite  "  is  exactly 
the  same  as  that  of  muscovite ;"'  and  ''  it  is  probable  that  substances 
of  different  composition  are  included  under  sericite."^  In  J.  D. 
Dana's  Third  Appendix,  sericite  is  said  to  be  ''  a  massive  muscovite, 
as  shown  by  Laspeyres,  who  explains  the  varying  results  of  earlier 
investigations  by  the  greater  or  less  impurity  of  the  substance  ex- 
amined." 

Mr.  Hutchings  also  relies  on  the  presence  of  crystals  of  tourmaline, 

*  Win.  Mag.  vol.  vii.  p.  201. 

•  Nature,  vol.  ixxvi.  p.  91 ;  and  Brit.  Petrography,  pi.  44,  fig.  4. 

'  Microscopical  Physiography,  by  Iddings,  p.  20d.  *  Ibid, 
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which  he  states  are  "  quite  distinct  from  the  clastic  grains  of  that 
mineraL"  I  noted  in  my  paper  that  the  specimens  of  the  Bude 
rocks  examined  hy  me  contain  fragments  of  schorl  (tourmaline) 
and  needles  irahedded  in  quartz  grains  that  may  be  referred  to  this 
Duneral.  Mr.  Hutchings  does  not  explain  in  what  respect  the 
crystals  on  which  he  relies  are  ''quite  distinct"  from  the  "clastic 
grains,"  or  whether  these  crystals  are  imbedded  in  or  attached  to 
quartz  grains  or  not.  If  he  means  that  they  present  idiomorphic 
shapes,  and  are  not  obviously  fragments,  that  fact  does  not  prove  that 
they  were  formed  after  the  beds  that  contain  them  were  deposited. 
I  have  in  my  collection  minerals  showing  very  perfect  crystallo- 
graphic  shapes  collected  from  river  sands.  Mr.  Dick  showed  the 
presence,  not  only  of  **  sharply-edged  prisms "  of  rutile,  but  of 
'*  perfect  crystals  "  of  tourmaline  in  the  Bagshot  beds  at  Hampstead.^ 
I  was  at  pains  to  show  in  my  paper  that  the  material  of  which  the 
Bude  Culm-measures  is  composed  did  not  travel  far ;  that  the  cur- 
rent which  deposited  it  was  very  sluggish  ;  and  that  the  granules  of 
which  the  Culm-measures  are  built  up  are  not  water-worn. 

With  reference  to  Mr.  Hutchings'  remarks  on  *'  Hallock's  experi- 
ments and  conclusions,  it  seems  sufficient  to  observe  that  so  good 
an  authority  as  the  Rev.  0.  Fisher  thought  Mr.  Hallock's  experi- 
ments and  conclusions  sufficiently  valuable  to  quote  in  the  second 
edition  of  his  "  Physics  of  the  Earth*s  Crust."  * 

I  turn  now  to  Mr.  Harker*8  letter.  I  think  the  readers  of  the 
Geological  Magazine  are  to  be  congratulated  on  this  interesting 
and  able  contribution  to  the  discussion  of  dynamic  metamorpliism. 
Nothing  could  be  more  lucid  than  Mr.  Barker's  short  exposition  of 
the  way  strains  in  rock-masses  resolve  themselves  into  voluminal 
compression  and  shearing.  I  see  no  room  to  differ  from  Mr.  Barker's 
statement  of  tlie  principles  that  govern  strains;  and  in  the  following 
remarks  my  object  is  to  make  my  own  position  clear,  rather  than  to 
criticize  his  letter. 

In  my  paper  on  the  Bude  rocks  I  expressly  restricted  my  con- 
clusions to  the  results  of  **  pressure  alone."  Mr.  Barker's  remarks, 
on  the  other  hand,  refer  to  the  effects  of  **  (i)  uniform  voluminrtl 
compression,  and  (ii)  certain  shears ; "  that  is  to  say,  to  the  two 
principal  mechanical  sources  of  heat. 

To  quote  from  the  Bev.  0.  Fisher's  Physics  of  the  Earth's  Crust 
(second  edition,  p.  2) :  "  Pressure  by  itself  cannot  develcpe  heat, 
lliat  takes  place  only  when  some  kind  of  motion,  which  however 
slow  may  be  termed  *'  visible,"  is  arrested  and  transformed  into  that 
invisible  motion  of  the  ultimate  molecules  of  a  body  which  con- 
stitutes heat"  On  the  other  hand,  the  fact  that  voluminal  compression 
and  friction  (shearing)  are  mechanical  sources  of  heat  belongs  to  the 
elements  of  physics. 

if  "  pressure  alone "  cannot  develope  that  form  of  molecular 
energy  known  as  heat,  it  cannot  develope  those  other  forms  of  energy 
into  which  heat  is  convertible. 

*  Nature,  vol.  xxxvi.  p.  91,  and  plate  44,  fig.  3,  British  Petrography. 
'  Page  172,  footnote. 
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Where  there  is  die«riiig  or  Tolomiiial  oompremkm,  heat  it 
generated,  and  molecnlar  actiTify  is  increased.  But  the  ''energy 
set  free  "  may  be  small  in  amonnt,  and  may  he  ket  bj  ocmdnction ; 
and  thus,  to  qnote  Mr.  Barker's  words,  it  is  "easy  to  imagine 
conditions  nndler  which  any  amount  of  contortion  may  be  produced 
without  any  metamorphism  of  the  rocks  so  affected.** 

But  there  are  some  geologists  who  go  beyond  Mr.  Barker,  and 
contend  that  pressure  produces  metamorphism  even  in  cases  where 
the  rock-masses  do  not  yield  to  the  pressure  exerted  on  them  ;  and 
where,  consequently,  there  is  neither  shearing,  Toluminal  compression, 
or  **  movements  in  the  rock-masses." 

Mr.  Barker  is  under  a  misapprehension  in  supposing  thai  I  call 
**  in  question  the  researches  of  M.  Spring  and  others  on  the  physical 
and  chemical  changes  produced  under  the  action  of  high  pressures." 
I  spoke  of  M.  Spring's  experiments  as  "  instructive  and  valuable." 
What  I  call  in  question  is  the  way  Spring's  experiments  are  some- 
times applied  by  others.  The  net  results  of  M.  Spring's  experiments 
are  well  summarized  by  Prof.  Judd  in  one  of  his  papers  as  follows: 
"  The  researches  of  Spring,  van  't  Boff,  Reicher,  and  others,  have 
shown  the  effects  of  pressure  in  bringing  the  molecules  of  solid  bodies 
safficiently  close  to  one  another  for  chemical  affinity  to  operate 
between  them."  But  it  is  obvious  that  chemical  affinity  can  only 
operate  when  the  substances  brought  into  contact  with  each  other 
are  substances  which  have  a  chemical  affinity  for  each  other.  I  fail 
to  see  that  M.  Spring's  experiments  throw  any  light  on  what  I  con- 
sider the  most  important  class  of  metamorpbic  changes  that  take 
place  in  a  rock;  namely,  metachemic  changes.  When  minerals 
during  the  progress  of  metamorphism  have  simply  undergone  para- 
moq)hic  changes,  there  is  little  difficulty  in  accepting  the  view  that 
these  changes  may  have  been  brought  about  by  pressure  ;  but,  when 
we  have  metachemic  changes,  that  is  to  say,  when  a  mineral  of  one 
chemical  composition  is  converted  into  a  mineral  of  a  different 
composition,  it  is  clear  that  pressure  alone  cannot  account  for 
the  change  set  up.  We  need  in  order  to  explain  these  changes 
to  call  in  the  aid  of  some  agent,  such  as  water,  to  carry  to  the 
mineral  in  progress  of  alteration  the  chemical  elements  required 
which  it  does  not  itself  contain,  and  to  remove  the  chemical 
elements  which  it  has  to  get  rid  of  in  whole  or  in  part.  The  chemical 
elements  required  for  the  new  mineral  may  exist  in  other  minerals 
in  some  other  part  of  the  rock,  but  they  need  to  be  extracted  from 
those  minerals  by  one  set  of  chemical  reactions,  and  conveyed  to  the 
spot  where  they  are  made  over  to  the  mineral  in  progress  of 
metamorphio  change  by  another  set  of  chemical  reactions.  Fur 
these  operations  we  require  water  or  some  other  agent.  This  circu- 
lating fluid  then — water  or  other — is  the  active  agent  in  promoting 
these  changes,  and  all  that  compression,  or  shearing,  can  do  is 
to  provide  the  heat,  or  other  form  of  energy,  necessary  to  start  or 
facilitate  the  requisite  chemical  reactions. 

The  agency  of  water,  or  some  other  circulating  medium,  is,  as  I 
have  said  above,  necessary  to  account  for  metaohemio  changes ;  heat, 
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no  doubt,  is  also  needed  to  aid  these  changes.    Compression  is  a 
mechanical  source  of  heat;  but  is  the  supply  from  this  source,  I 
would  ask,  as  important  as  that  due  to  plotonic  causes  ?    Mr.  Barker 
admits  that  "  under  a  comparatively  small  cover  of  rocks  much  of 
the  energy  "  set  free  by  compression  "  must  be  lost  by  conduction." 
But  would  not  much  of  it  be  also  lost  in  the  case  of  deep-seated 
rocks?     Hocks  are  bad  conductors  of  heat,  but  the    compression 
of  deep-seated  rocks  must  take  place  slowly;  and  as  the  amount 
of  heat   generated    by  compression  would  only   be   proportional 
to  the  reduction  of  volume,  would  not  much  of  the  heat  be  lost 
by  conduction?     Mr.   Barker  makes  his  voluminal  compression 
depend  upon   two  factors,  namely,   lateral   and   vertical  pressure, 
the  latter  being  dependent  on  the  thickness  of  the  cover.     When 
the  cover  is  thin,  the  energy  set  free  by  the  lateral  pressure  may 
be  lost,  he  explains,  by  conduction.     But  a  thick  cover  is  not  put 
on   snddenly.     The  deposition  of  sediment  is  a   slow   operation ; 
and  even  when  lateral  pressure  is  applied  after  a  thick  cover  has 
been  formed,  it  would  be  applied  gradually.    In  the  case  of  rock- 
masses  under  the  conditions  supposed  by  Mr.  Barker,  namely,  those 
80  deeply  buried  that  the  lateral  pressure  would  be  balanced  by 
the  weight  of  the  cover,  I  cannot  conceive  of  a  sudden  generation 
of  heat  arising  from  a  sudden   arrest  of  motion  of  the  nature  of 
percussion.     The  heat  due  to  a  mechanical  cause  must  be  generated 
by  gradual  compression  ;  and  where  the  generation  of  heat  is  gradual, 
the  loss  of  energy  by  conduction  becomes  an  important  element  that 
must  not  be  left  out  of  our  calculations. 

As  a  source  of  energy  it  seems  to  me  that  plutonic  heat  supplies 
all  we  require.  The  Rev.  0.  Fisher,  in  his  work  already  referred  to, 
writes :  **  We  have  pointed  out  that,  having  regard  to  such  depths 
as  artificial  excavations  reach,  the  law  of  increase  is  on  the  whole 
an  equable  one,  amounting  on  an  average  to  about  1°  Fahr.  for 
every  51  feet  of  descent,  if  it  be  not  even  slightly  more  rapid."  ^ 
The  temperature  that  this  rate  of  increase  would  give  us,  at  the 
depths  to  which  we  may  suppose  that  the  rocks  with  which  we  are 
concerned  have  been  buried,  seems  sufficient  for  the  work  of  meta- 
morphism  without  our  indenting  on  dynamic  agency  for  our  supply 
of  heat.  Bow,  moreover,  are  we  to  discriminate  between  plutonic 
heat  and  dynamic  heat,  and  say  that  this,  or  that,  bit  of  meta- 
morphic  work  was  done  by  the  energy  supplied  from  a  mechanical 
source  alone? 

Mr.  Butchings,  in  his  reference  to  M.  Spring's  experiments,  alludes 
to  the  '*  intermixture  of  minute  particles  of  minerals  in  the  fine  silt 
of  which  these  Bude  rocks  and  similar  strata  are  largely  composed," 
and  adds,  "all  the  crushing  and  grinding  has  been  done  in  the 
gentlest  and  quietest  way,  and  the  resulting  material  has  but  to  lie 
and  await  the  pressure."  But  the  point  I  desired  to  make  in  my 
paper  was  that  though  the  material  has  been  finely  triturated  by 
Nature's  pestle  and  mortar  and  judiciously  mixed  together  in  Nature's 
laboratory,    and  although    this    mixture    has   sustained   enormous 

>  I.e.  p.  343. 
DBCADB  in. — voir.  nj,—Jio,  V,  \o 
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pressnre,  no  results  worth  speaking  of  have  foIlo#ed ;  and  the 
Bude  heds,  M.  Spring's  experiments  notwithstanding,  are  still  in  an 
'*  awaiting"  attitude.  I  think  these  unfortunate  rocks  have  some 
ground  of  complaint.  They  possess,  as  I  have  shown,  the  chemical 
composition  of  granite,  hut  though  they  have  certainly  suffered  many 
things  at  the  hands  of  dynamic  physicians,  they  have  not  been  con- 
verted into  granite  ;  and  indeed  have  not  as  yet  made  even  a  Sabbath 
day's  journey  towards  that  happy  goal  I 
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I. — The  Geology  of  the  Isle  of  Wight.  By  the  late  Henbt 
W.  Bristow,  F.R.S.,  etc.  Second  Edition,  revised  and  enlarged, 
by  Clement  Keid,  F.L.S.,  F.G.S.,  and  Aubrey  Strahan,  M.A., 
F.GS.  Geological  Survey  Memoir.  8vo.  London,  1889, 
pp.  349.  With  (Geological  Map,  Plates  and  other  Illustrations. 
Price  8«.  6d. 

I^HE  geology  of  the  Isle  of  Wight  has  up  to  the  present  time  been 
illustrated  and  described  in  two  oflBcial  memoirs,  not  to  mention 
the  one-inch  Geological  Survey  Map,  and  a  series  of  longitudinal 
and  vertical  sections.  The  Memoir  on  the  Tertiary  Fluvio-marine 
Formation,  by  Edward  Forbes,  was  published  posthumously  under 
the  editorship  of  R.  A.  C.  Godwin-Austen,  in  1856 ;  the  general 
Memoir  on  the  Geology  of  the  island,  by  Bristow,  was  published  in 
1862,  and  has  long  been  out  of  print  For  some  years  Mr.  Bristow 
had  been  gathering  materials  for  a  revised  edition  of  his  work,  but 
a  re-survey  of  the  island,  on  the  Six-inch  scale,  made  in  1886-87  by 
Messrs.  Reid  and  Strahan,  has  enabled  them  to  make  so  many  and 
important  changes  in  the  Memoir,  that  the  work  may  well  be 
described  as  a  new  one. 

On  glancing  at  the  tables  of  strata  given  in  the  two  works,  it 
will  be  noted  that  nearly  double  the  number  of  subdivisions  shown 
on  the  old  map  have  been  marked  on  the  new  edition.  This  is 
partly  due  to  the  mapping  of  the  Recent  and  Pleistocene  Beds. 
Mr.  Strahan,  however,  has  been  able  to  map  out  the  several  divisions 
of  the  Lower  Greensand,  Upper  Greensand,  and  Chalk,  which  wero 
not  before  distinguished  on  the  map.  He  points  out  that  the 
Wealden  rocks  are  separated  from  the  Lower  Greensand  by  a 
sharply-defined  lithological  demarcation,  accompanied  by  a  palsson- 
tological  break,  and  by  some  erosion.  When  the  name  "  Punfield 
Beds "  was  introduced  by  Prof.  Judd,  the  true  base  of  the  Lower 
Greensand  had  not  been  discovered  in  the  Dorsetshire  locality, 
hence  part  of  the  ''  Punfield  Beds "  at  Punfield  was  made  up  of 
Lower  Greensand,  while  the  whole  of  the  group  in  the  Isle  of 
Wight  was  referable  to  the  Wealden  Beds.  This  inconsistency 
was  shown  originally  by  Mr.  C.  J.  A.  Meyer.  His  observations 
have  been  fully  confirmed  by  Mr.  Strahan,  who  gives  further 
particulars  of  the  beds  exposed  on  the  Dorsetshire  coast,  as  well 
as  in  the  Isle  of  Wight. 
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The  liower  Greensand  is  now  divided  as  follows  : — 

ISXa"cky""^  }  =Sandg.te  «ul  Hjrthe  Bed.. 

It  is  remarked  that  the  Carstone  passes  np  into  the  Gault,  and 
that  the  Sand-rock  Series  passes  down  into  the  Ferruginous  Sands ; 
while  between  the  Carstone  and  Sand-rook  Series  the  boundary  is 
somewhat  sharply  defined,  with  an  appearance  even  of  slight  erosion 
at  times,  though  there  is  no  evidence  of  an  actual  unconformity. 
Considerable  interest,  however,  attaches  to  this  subject,  for  in  other 
places  (as  pointed  out  by  Mr.  Strahan)  the  Carstone  passes  up  into 
the  Red  Chalk,  which  partly  represents  the  Gault;  while  in  the 
Kentish  area  the  upper  part  of  the  Folkestone  Beds  (the  zone  of 
Ammonites  mammillaris)  is  by  some  authorities  placed  rather  with 
the  Ganlt  than  with  the  Lower  Greensand.  Hence  it  seems  pro- 
bable that  the  base  of  the  Upper  Cretaceous  series  may  ultimately 
have  to  be  taken  to  include  the  Carstone. 

With  regard  to  the  Gault,  while  the  main  mass  belongs  to  the 
upper  division,  it  would  seem  that  to  some  extent  the  lower  division 
is  represented  palaBontologically ;  some  few  species  have  been  added 
to  the  general  list  of  fossils,  but  there  is  room  for  further  detailed 
work  on  the  palsBontology  of  this  formation.  The  Upper  Green- 
sand has  been  separated  into  the  Malm  Hock  and  Chert  Beds ;  ai^d 
the  Chalk  has  been  subdivided  into  Chloritic  Marl,  Middle  and 
Lower  Chalk  with  Melbourn  Rock,  Chalk  Rock,  and  Chalk-with- 
flints.  The  cliff-sections  showing  the  Upper  and  Lower  Cretaceous 
rocks  have  been  remeasured,  and  important  additions  have  been 
made  to  the  illustrative  sections. 

In  the  classification  of  the  Tertiary  strata,  we  find  some  changes  in- 
troduced. The  name  Headon  Hill  Sands  is  (provisionally)  employed 
in  preference  to  Upper  Bagshot  Sands,  because  they  probably 
belong  to  a  higher  zone  than  the  Upper  Bagshot  Series  of  the 
London  Basin.  They  are  overlain  by  the  Headon  Beds,  which 
form  the  base  of  the  Oligocene  division  (or  Fluvio-marine  Formation 
of  Forbes).  For  the  uppermost  portion  of  this  division  the  name 
Hamstead  Beds  is  now  adopted  instead  of  the  *'  Hempstead  Series" 
of  Forbes,  as  the  former  is  the  mode  of  spelling  used  in  the  Isle  of 
Wight.  Mr.  Reid  has  proved  that  these  beds  extend  over  a  much 
larger  area  in  the  island,  and  have  a  greater  thickness,  than  was 
formerly  supposed.  Concerning  controversial  points,  it  is  remarked 
that  **  Forbes's  correlation  is  followed  in  this  Memoir,  for  though 
there  are  some  minor  points  on  which  Prof.  Judd's  criticisms  are 
no  doubt  just,  yet  with  regard  to  the  main  difierence  the  recent  re- 
examination of  the  island  and  mapping  of  the  beds  on  the  scale  of 
6  inches  to  the  mile  have  not  supported  Prof.  Judd's  contention, 
but  rather  shown  that  Forbes's  correlation  must  still  be  accepted.'* 

Many  additions  and  corrections  have  been  made  by  Mr.  Reid  to 
the  accounts  of  the  Tertiary  strata  and  to  the  sections  illustrating 
them ;  and  an  account  of  the  Flora  of  the  Pipe-clay  in  the  Lower 
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Bagshot  P^ds  of  Alum  Bay  has  been  oontriboted  by  Mr.  J.  Starkie 
Gardner,  who  thus  revises  the  work  done  previously  by  Dr.  P.  De  la 
Harpe  and  Mr.  J.  W.  Salter. 

The  superficial  deposits  are  now  described  much  more  fully  than 
previously.  They  include  the  Angular  Flint  Gravel  of  the  Chalk 
Downs,  which  is  in  part  a  sort  of  "  Clay-with-flints,*'  without  much 
clay,  representing  the  insoluble  residue  of  a  great  thickness  of 
Upper  Chalk.  It  contains  also  flint-pebbles,  grains  of  quartz,  and 
other  rocks.  There  are  also  Plateau  Gravels,  probably  of  Glacial 
age ;  and  Valley  Gravels  and  Brick-earth  of  later  Pleistocene  age, 
that  yield  remains  of  Mammoth,  Rhinoceros,  and  Paleolithic  Imple- 
ments. Recent  deposits  of  Alluvium  and  Peat,  Blown  Sand,  etc., 
are  duly  described. 

An  interesting  chapter  on  Faults  and  Disturbances  gives  us  an 
account  of  the  remarkable  folds  in  the  strata,  and  of  the  occurrence 
of  thrust-planes  or  slide-faults.  The  double  anticline  of  the  Isle  of 
Wight  is  one  of  a  series  that  occurs  in  the  south  and  south-east  of 
England,  traversing  the  country  in  an  easterly  and  westerly  direc- 
tion, and  having  a  steeper  inclination  on  the  north  side.  It  is 
remarkable  that  the  same  features  characterize  the  folds  in  the  older 
rocks  of  the  Mendip  Hills. 

Messrs.  Reid  and  Strahan  point  out  that  in  the  Isle  of  Wight  the 
sudden  downward  plunge  of  the  beds  on  the  north  side  of  the 
anticline  seems  to  be  the  first  stage  in  the  formation  of  a  thrust- 
plane  or  slide-fault,  and  on  the  neighbouring  coast  of  Dorsetshire, 
an  actual  thrust-plane  is  seen  in  the  Chalk,  and  this  was  described 
and  figured  by  Thomas  Webster  in  1811  (in  Englefield's  Isle  of 
Wight).  As  pointed  out,  the  date  of  the  great  movements  may  be 
assigned  approximately  to  the  Miocene  period. 

An  interesting,  but  very  brief  chapter  on  Physical  Geography, 
deals  with  the  origin  of  the  leading  physical  features.  It  is  shown 
that  the  lines  of  drainage  were  determined  by  the  anticlines  and 
synclines  which  form  so  marked  a  feature  in  the  geology  ;  and  that 
while  these  lines  have  been  maintained,  the  form  of  surface  due  to 
the  original  movements  has  been  lost. 

The  subject  of  the  separation  of  the  island  from  the  mainland  is 
very  briefly  alluded  to,  and  we  hope  in  a  third  edition,  it  may 
receive  due  attention,  when  some  reference  may  also  be  made  to 
the  remarks  of  the  Rev.  W.  Fox  and  of  Dr.  John  Evans  on  this 
interesting  topic. 

llie  final  chapter  deals  with  the  Economic  Products ;  and  the 
Appendices  include  Tables  of  Fossils,  Accounts  of  Wells  Sections, 
and  Bibliography. 

n.  —  The  Bala  Volcanic  Series  of  Caernarvonshtrb  and 
Associated  Rooks.  Being  the  Sedgwick  Prize  Essay  fob 
1888.  By  Alfred  Harker,  M.A.,  F.G.S.  (Cambridge  University 
Press,  1889.) 

THE  examiners  for  the  Sedgwick  Prize  at  Cambridge  have  done 
good  service  to  petrography  in  opening  up  the  igneous  rocks  of 
Caernarvonshire  to  investigation.     Mr.  Harker,  the  winner  of  the 
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prize,  lias  published  the  substance  of  his  essay,  illustrated  by  t^ree 
small  scale  and  three  large  scale  maps. 

The  in  trod  action  divides  the  couuty  into  three  areas  ;  two  lie  east 
and  west  respectively  of  the  Llyn  Padam  ridge,  while  the  other 
includes  the  Lleyn  peninsula.     A  bibliography  is  appended. 

There  are  five  main  outflows  of  rhyolitic  lavas,  whose  limits  are 
traced  on  a  map  which  enables  the  author  to  suggest  that  the 
intrusive  masses  near  Y  Foel  Fras  and  that  of  Mynydd  Mawr  are 
their  centres  of  eruption.  A  few,  but  too  few,  analyses  of  the 
rliyolites  are  given,  and  these  indicate  the  presence  of  the  follow- 
ing minerals,  in  order  of  abundance — quartz,  orthoclase,  albite, 
pinite,  and  magnetite.  The  usual  structures  are  crypto-crystalline 
and  micro-crystalline,  but  a  remarkable  type  from  the  lowest  lavas 
is  of  the  nature  of  an  ophitic  structure,  in  which  quartz  encloses 
felspars ;  something  similar  to  this  was  observed  by  TealP  in  the  rock 
of  Penmaenmawr.  Fragmental  and  quasi-fragmental  rocks  seem  to 
be  much  less  common  than  is  usually  supposed.  In  a  chapter  on 
the  nodular  felsites  Mr.  Barker  comes  to  the  general  conclusion  that 
the  structures  arise  from  solid  spherulites,  in  which  either  the  centre 
has  been  replaced  by  amorphous  silica  or  the  shrinkage  due  to 
molecular  re-arrangeuieut  has  formed  concentric  cracks  along  which 
alteration  has  proceeded. 

The  acid  irruptive  masses  are  usually  augite  granophyres,  such 
as  those  of  Y  Foel  Fras,  and  granite  porphyries  generally  augitic, 
like  the  intrusions  of  the  Bivals,  and  occur  as  cylindrical  necks  or 
laccolites.  Hornblende  is  often  absent  from  these  rocks  ;  the  well- 
known  dark  patches  are  of  concretionary  origin. 

In  the  description  of  the  intermediate  rocks  that  from  Penmaen- 
mawr receives  still  another  name,  **  bronzite  bearing  quartz  dolerite," 
and  the  augite  and  bronzite  andesites  of  the  Lleyn  are  investigated ; 
most  of  the  latter  appear  to  be  intrusive,  though  conclusive  evidence 
is  not  given,  while  there  are  certainly  some  andesites  associated 
with  agglomerates  and  ashes. 

The  adoption  of  the  word  "  sill "  for  the  intrusive  diabase  sheets  is 
devoutly  to  be  wished  for ;  such  sills  are  known  to  be  very  com- 
monly intruded  between  the  beds  of  the  other  volcanic  rocks,  and, 
with  the  doubtful  eruption  of  Porth-Dinlleyn,  the  diabases  are 
never  in  the  form  of  lava- flows.  The  absence  of  dykes  is  signi- 
ficant, and  the  few  exceptions  appear  to  be  later  intrusions  injected  into 
the  post- Carboniferous  joint  system.  The  sills  have  probably  been 
intruded  into  cavities  or  planes  of  weakness  formed  during  the  folding 
of  the  strata.  Olivine  is  absent  even  from  the  post-Carboniferous 
intrusive  rocks. 

After  a  chapter  devoted  to  the  altered  gabbros,  picrites  and 
hornblende  diabases  of  the  Lleyn,  the  author  gives  a  general  review 
of  vulcanicity  in  Caernarvonshire.  A  map  elucidates  the  distri- 
bution of  the  cleavage-planes,  and  makes  it  quite  clear  by  the 
increase  of  contortion  and  the  perfection  of  cleavage  that  the 
pre-Cambrian  mass  of  felsite  near  Llyn  Padam  had  a  large  share 

1  Teall,  British  Petrography,  p.  273. 
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in  reBisting  the  Bouth-easterly  thrust  to  which  these  straotnres  are 
dae,  and  that  it  has  even  operated  in  the  formation  of  the  phyllites 
of  the  "  Llanberis  slate  zone,*'  while  it  has  sheltered  the  region  to 
the  north-west  from  cleavage  and  intrusion.  The  western  district, 
being  less  affected  and  not  possessing  a  resisting  mass,  has  lagged 
behind  the  eastern,  so  that  faulting  and  dynamic  changes  in  the 
diabases  have  taken  place  about  the  junction  region  of  IVemadoc. 
The  foci  of  the  main  eruptions  bear  a  relation  to  this  thrust,  and 
are  found  along  a  line  to  the  south-east  of,  and  parallel  to,  the  lAyn 
Padam  ridge,  indicating  that  the  thrusting  had  begun  before  the 
Tulcanicity. 

The  eruptive  material,  if  of  intermediate  character  to  begin  with, 
seems  to  have  segregated  before  eruption  occurred,  so  that  the  lavas 
are  of  acid  character ;  the  diabases  on  the  other  hand,  owing  to  their 
density,  were  intruded  as  sills  at  lower  levels,  possibly  in  part  during 
the  main  vulcanicity,  but  also  and  chiefly  after  the  eurfaoe  flows 
ceased  ;  still  later  and  lower  are  found  the  ultrabasic  intrusions. 

In  this  work  we  have  a  very  large  amount  of  observation  and 
inference  which  will  form  a  most  useful  groundwork  when  the 
district  is  studied  minutely  and  mapped  in  detail,  and  then  only  can 
its  deeper  and  more  complicated  problems  be  unravelled. — W.  W.  W. 


III. — Memoirs  by  Eobsrt  Kidston,  F.R.S.E.,  F.Q.S. 

1.  On  tpk  Fossil  Plants  in  the  Havenhbad  Collection  in  the 

Fbke  Librabt  and  Museum,  Liverpool.     Trans.   Royal   Soa 
Edinburgh,  1889,  vol.  xxxv.  pp.  891-417,  pis.  i.  ii. 

2.  On  some  Fossil  Plants  from  Tbilia  Quarry,  Gwaenysgor, 
NEAR  Prestatyn,  Flintshire.  Trans.  Royal  Soc.  Edinburgh, 
1889,  vol.  XXXV.  pp.  419-428,  pis.  i.  ii. 

3.  Additional  Notes  on  some  British  Carboniferous  Lycopods. 
Ann.  Mag.  Nat.  Hist.  1889,  pp.  60-67,  pi.  iv. 

THESE  Memoirs  form  valuable  additions  to  the  literature  of  onr 
British  Palaeozoic  Flora.  The  report  on  the  "  Ravenhead  Col- 
lection "  is  prefaced  by  a  geological  sketch  of  the  district  from  the 
pen  of  Mr.  G.  H.  Morton,  author  of  the  "  Geology  of  the  Country 
aronnd  Liverpool,"  the  plants  described  having  been  collected  in 
the  Middle  Coal-measures  at  Ravenhead,  near  St.  Helen's,  South 
Lancashire.  The  species  refeired  to  belong  to  the  groups  of  the 
Calaniaria,  Sphenophyllea,  Filieaeeay  Zycopodiacea,  eta,  Sphenopieris 
Marraiii  being  described  as  a  new  form,  whilst  Stur's  genus 
Sphyropteris  (a  Sphenopteroid  fern)  appears  to  be  recorded  for  the 
first  time  from  British  rocks.  The  occurrence  of  Zeilleria  delicatida 
is  also  mentioned.  Unfortunately  this  genus  established  by  the 
author  in  1884  must,  in  accordance  with  the  laws  of  priority,  be 
dispensed  with,  that  name  having  been  applied  by  Prof.  E.  Bayle 
in  1878  to  a  genus  of  Brachiopods. 

The  Teilia  Quarry  plants  are  from  the  Carboniferous  Limestone, 
and  an  interesting  fact  connected  with  them  is  their  association  with 
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marine  shellt.  Several  of  these  plants  were  oollected  by  Mr.  E.  B. 
Lozmooroy  who  generously  gave  his  best  examples  to  the  G^logioal 
Department  of  the  British  Museum,  the  chief  of  which  are  here 
described  and  figured.  They  mostly  belong  to  the  order  Filieaeeaf 
one  being  described  as  a  new  species,  viz.  Sphenopterii  Teiliana, 
The  elegant  form  of  Adianttdes  anHqum,  Ett,  is  recorded  as  a 
rare  species  from  Britain.  The  geological  notes  to  this  paper  are 
taken  from  the  works  of  Mr.  G.  H.  Morton. 

The  third  oontribution  is  an  enlargement  of  the  author's  views  as 
set  forth  in  a  previous  paper  *'  On  the  Relationship  of  Uladendron, 
L.  &  H.,  to  Lepidodendron,  Stemb.,  Bothrodendron,  L.  k  H.,  Sigillaria^ 
Brong.,  and  Bhyiidadendran^  Boulay,"  Ann.  Mag.  Nat  Hist.  1885. 

Descriptions  and  figures  are  given  of  SigiUaria  diseophora,  Eonig. 
sp.,  Boihrodendron  WuJcianum,  n.  sp.,  and  B.  minvUfolium,  Boulay,  sp. 

A  large  amount  of  literature  is  quoted  throughout  the  papers, 
but  the  absence  of  dates  to  the  majority  of  the  references  is  strongly 
noticeable.  Unless  accuracy  is  attained  in  this  section  of  Palsdon to- 
logical  work,  synonymy  will  be  difficult  to  prove  or  understand. 
The  plates  are  very  valuable,  the  figures  having  been  drawn  with 
careful  detail  and  precision  by  the  author  himself.  R.B.N. 

lY. — A  Catalogub  of  British  Fossil  Vertebrate.  By  Arthur 
Smith  Woodward,  F.G.S.,  and  Charles  Davies  Sherborn,  F.G.S. 
Svo.  pp.  XXXV.  396.     (London,  Dulau  &  Co.,  1890.) 

NEARLY  si x-and- thirty  years  have  elapsed  since  the  late  Prof.  John 
Morris  published  the  st^cond  edition  of  his  well-known  and 
still-useful  Catalogue  of  British  FossUb  ;  being  the  latest  in  which  all 
known  species  of  British  fossil  Yertebrates  are  recorded ;  and  neces- 
BArily  its  information  falls  short  of  the  requirements  of  to-day;  much 
having  been  achieved  in  the  meantime  in  discovery,  description  and 
illustration  of  new  forms,  and  also  in  revision  and  re- description  of 
many  of  the  earlier  described  species. 

We  therefore  welcome  the  present  volume  as  supplying  a  long-felt 
want  And  the  authors  are  to  be  congratulated  on  its  inception, 
careful  preparation,  and  its  issue  as  a  distinct  publication.  Its  use- 
fulness and  merits  will  be  fully  recognized  by  all  workers  in  this 
division  of  palseontologioal  science.  In  respect  to  fulness  of  refer- 
ence to  the  bibliography,  number  of  localities  cited,  the  amplitude 
of  the  synonymy  and  other  information  relating  to  the  group, 
the  Catalogue  is  the  most  comprehensive  hitherto  produced.  The 
labour  of  research  and  compilation  has  been  great,  and  pursued  with 
persevering  assiduity ;  in  many  cases  the  earliest  notices  of  discovery 
of  vertebrate  remains,  prior  to  that  of  specific  description,  have  been 
traced  and  quoted.  The  nature  of  the  specimens  that  form  the  types 
of  species  are  stated ;  and  when  ascertainable,  their  present  location, 
whether  in  private  or  public  collections.  References  to  the  literature 
are  not  restricted  to  the  publications  in  which  the  respective  s|>ecies 
were  first  described,  but  numerous  original  works  and  memoirs  by 
specialists  and  other  writers  of  acknowledged  authority  are  also  quoted. 
As  regards  the  nomenclature,  with  a  few  exceptions,  the  eixvQwd%.- 
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tions  of  recent  anthors  are  generally  adopted.  Oonseqnenily  there 
are  many  changes,  both  of  the  earlier  and  of  later  names ;  and  8ome 
of  these  innovations  certainly  smack  a  little  of  the  pedantic.  A 
long-established  and  universally-adopted  name  is  not  readily  sup- 
planted by  one  of  obscure  origin,  in  obedience  to  some  arbitrary  rule 
of  priority,  either  in  the  labelling  of  collections  or  insertion  in  text- 
books. In  support  of  this  contention,  we  note  the  sabstitution  of 
Microtus  for  the  long-known  and  familiar  genus  Arvicola :  the  first 
name  having,  it  is  said,  a  few  months'  priority  of  publication  in  a 
comparatively  unknown  work.  The  latter  name,  however,  has  been 
recognized  by  all  British  and  European  naturalists  dating  from  the 
commencement  of  the  century  to  the  present  time ;  and  is  found  in 
all  works  on  natural  history,  and  palseontological  text-books,  where 
its  species  are  referred  to.  There  is  nothing  to  be  gained,  scientifi- 
cally or  otherwise,  by  disturbing  a  name  so  long  and  generally 
accepted  by  the  best  writers  on  the  Mammalia.  However,  these 
innovations  cause  no  inconvenience,  for  the  discarded  names  are 
readily  found  by  cross-references  placed  in  their  due  alphabetical 
sequence  in  the  text  The  synonymy  is  copious,  and  far  exceeds  in 
number  the  names  accepted  as  valid ;  and  much  pains  have  been 
taken  to  trace  every  appellation  a  species  has  borne. 

The  stratigraphical  position,  and  all  well-authenticated  localities 
whence  derived,  are  given  with  each  species.  To  some  of  the 
Pleistocene  mammals  the  number  appended  is  overwhelming ;  for 
instance,  nearly  two  hundred  places  in  Great  Britain  and  Ireland 
are  cited  where  remains  of  Elepha$  primtgeniua  have  been  found. 

It  is  no  exaggeration  to  assert  that,  as  regards  its  special  subject, 
no  such  aid  to  lighten  the  labour  of  research  for  authorities  and 
other  particulars  relating  to  it  has  ever  been  prepared  for  the 
benefit  of  vertebrate  palaeontology,  and  the  book  should  find  a 
place  in  every  good  reference  library. 

The  Catalogue  has  also  the  merit  of  being  the  first  compilation 
exclusively  devoted  to  one  natural  division  of  our  extinct  fauna 
published  in  distinct  form  ;  and  initiates  a  departure  from  the  older 
method  of  inclusion  in  one  work  of  all  the  various  classes ;  and  the 
same  plan  might  be  adopted  with  equal  advantage  for  other  palssonto- 
logical  groups. 

It  is  matter  of  interest  to  note  how  much  has  been  accomplished 
in  advancing  our  knowledge  of  the  British  Fossil  Vertebrata  since 
1854,  the  date  of  Morris's  Catalogue;  and  the  present  work  will, 
approximately,  enable  us  to  do  this.  Morris  enumerates  350  genera 
of  all  classes  of  vertebrates,  comprising  960  named  species,  and  35 
unnamed  as  being  then  known.  He  gives  few  synonyms,  and  the 
localities  cited  seldom  exceed  one  to  a  species  ;  the  whole  occupying 
48  pages  of  the  Catalogue.  But  in  the  mean  time  more  than  200  of 
these  species  have  been  merged  in  others,  and  have  disappeared 
from  our  lists,  the  names  only  being  found  in  the  lon^  roll  of 
synonyms.  These,  therefore,  have  to  be  deducted  from  the  total  of 
the  species  then  considered  valid,  thus  reducing  the  number,  as  now 
accepted,  to  760. <* 

*  Species  referred  to  lehniUt  are  not  iucladed  in  the  above  numbers. 


Reports  and  Proceedings — Geological  Society  of  London      233 

In  the  work  before  us  662  genera  are  enumerated,  containing 
1534  species  recognized  as  well  founded,  and  54  not  specifically 
determined.  The  figures  quoted  show  that  about  800  new  forms 
have  been  added  to  our  extinct  Vertebrate  fauna  since  1854;  a 
fairly  large  number,  having  regard  to  the  comparatively  small  area 
of  the  British  Isles.  Bnt  these  new  species  only  represent  a  portion 
of  the  large  number  actually  described  in  the  interval ;  for  many, 
as  a  result  of  subsequent  examination,  or  the  acquisition  of  new 
evidence  either  by  their  authors  or  other  palsBontolo^ists,  have  been 
incorporated  with  species  previously  established.  The  voluminous 
and  valuable  descriptive  literature  relating  to  them  is  distributed  in 
many  works  specially  devoted  to  the  subject ;  Transactions  and 
Journals  of  numerous  scientific  societies — metropolitan  and  pro- 
vincial— and  publications  devoted  to  science,  that  it  is  difficult 
without  the  assistance  of  a  system  of  comprehensive  reference,  such 
as  the  writers  of  this  Catalogue  have  produced,  to  realize  how 
extensive  it  is. 

To  have  rendered  their  work  absolutely  complete  as  one  of  ready 
reference,  the  authors  should  have  inserted  a  list  of  Families  with 
the  genera  appertaining  to  each.  A  list  of  this  description  would 
be  of  immense  service  to  many  curators  of  provincial  museums,  and 
also  to  others  having  a  general  knowledge  of  one  or  more  of  its 
classes.  So  many  revisions  of  the  earlier — and  also  of  some  of  the 
later — families  and  genera  have  been  made  by  specialists,  that  with- 
out a  library  containing  all  recent  memoirs  relating  to  the  subject  at 
hand,  it  becomes  difficult  to  ascertain  their  systematic  position. 

It  is  with  reluctance  we  direct  attention  to  this  omission — 
probably  an  oversight — but  it  can  be  easily  rectified  in  a  future 
edition ;  and  will  add  still  further  value  to  this  already  most  valuable 
work. 


Geological  Society  op  London. 

March  26,  1890.— J.  W.  Hulke.  Esq.,  F.R.S.,  Vice-President,  in 
the  Chair. — The  following  communications  were  read  : — 

1.  "  On  a  new  Species  of  Cyphaspii  from  the  Carboniferous  Eocks 
of  Yorkshire."  By  Miss  Coignou,  Cambridge.  Communicated  by 
Professor  T.  MoK.  Hughes.  M.A.,  F.R.S.,  F.G.S. 

The  author  describes  a  fairly  perfect  head  of  a  Trilobite  found  in 
the  Pendleside  limestone  of  Butterhaw,  near  Cracoe,  which  appears 
to  belong  to  the  genus  Cyphaspisy  though  it  differs  from  the  typical 
species  of  that  genus-  in  possessing  two  pairs  of  glabellar  lobes.  The 
name  Cyphaspts  is  proposed  for  this  form. 

2.  "On  Composite  Spherulites  in  Obsidian  from  Hot  Springs, 
near  Little  Lake,  California."  By  Frank  Eutley,  Esq.,  F.G.S., 
Lecturer  on  Mineralogy  in  the  Royal  School  of  Mines. 

The  spherulites  which  form  the  subject  of  the  present  communica- 
tion have  been  previously  noticed,  and  it  was  then  suggested  \.W\.  ^ 


or  yAuU  KUuUd  it  or 

•et  «p,  giriag 
gradflftllj  der^Dtfitd 
emtire  bum  of  primitrte  f|ibcr«litcs 


tlri^  maM,  such  m  would  oblitenOe  mnj  tnee  of 
primitiTe  sphomlitco  m^t  hove  or^uoUj 

Id  a  MUff^emeatMrj  sole  tlie  Tiews  of  Mr.  J.  P.  Iddii^  with 
feferenoe  to  tbe  ^vhemlitet  in  qnesdoo  were  giTen.  Mr.  Iddings 
coaMen  that  the  stroctnres  here  deicrihed  oo  pcuHurj  are  oi  eeoood- 
arj  origin.  Tbe  anlhor  suted  in  detail  his  reaoopa  for  adbmi^  to 
the  ooodonoiM  gi^en  in  this  paper. 

Z.  **A  Maoo^nfh  of  the  Brjosoa  (Poljioa)  of  the  Honatantoa 
Bed  Chalk.**  Bj  George  Bobert  Tine,  Esq.  Gommimioated  by 
Trot  P.  Martin  Duncan,  F.B.S.,  F.G.S. 

The  foMiU  examined  occnrred  on  tests  of  Echinoderms  and  on 
the  nhtAU  of  Terel/raimla  hipiicaiaj  T.  capHlaUL,  Oysters,  Imoeeramiy 
Jiavlili,  anr]  Aramonites.  The  best  of  tbe  forms  of  Diasiopora  and 
ProboMcina  are  found  on  Imoeerawd  and  Ammonites,  bnt  tbe  most 
abfinrlant  indivirJuals  are  SUmatopcrgt.  cbieflj  on  Terthratmla  bipli- 
Citta.  Sfiecies  of  Emlalophora,  IdwumetL,  and  -*  Ceriop&ra  "  are  very 
rare  or  Wily  preserved,  and  Cbilostomatoos  forms  are  also  Tery  rare. 

In  the  present  monograph  the  anlhor  felt  obliged  to  limit  or 
re-define  tbe  generic  terms  employed,  and  proceeded  to  describe  in 
detail  the  forms  which  be  has  examined  from  tbe  Hnnstanton  Reil 
Clialk  and  other  Cretaceous  deposits,  including  the  following  new 
fomiM : —  Proboscina  irregularis,  P.  uberta^  P.  gracilis  ?,  var.  Beussi, 
P.  elavi/ormis,  P.  hunstnntonensis,  and  var.  ampliatOy  P.  Jessoni, 
P,  fjiganlopora,  P,  dilatata,  var.  cantahrigiensisy  Diasiopora  hmutan- 
U/uen^in,  I),  faeunda,  D.  Jessoni,  and  Membranipora  gauUina. 

4.  Evidence  furnisbe<l  by  tbe  Quaternary  Glacial  Epoch  Morainic 
D^'poMits  of  Pennsylvania,  U.S.A.,  for  a  similar  mode  of  formation  of 
tbe  Permian  Breccias  of  Leicestershire  and  South  Derbyshire."  By 
William  S.  Gresley,  Esq.,  F.G.S. 

The  author  noted  that  nodules  of  ironstone  occurring  in  tbe  Penn- 
sylvariian  glncial  deposits  of  Quaternary  age  are  scratched  in 
preciHcly  tbe  same  manner  as  those  which  he  has  described  from  tbe 
Permian  depoHits  of  Leicestershire  and  Derbyshire,  and  concluded 
tliat  one  and  tbe  same  agency,  viz.  ice,  has  been  instrumental  in 
producing  the  observed  results  in  both  oases. 
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ON  THE  SUPPOSED  PECTORAL  LIMB  IN  C0CC0STEU8  DECIPIEK8. 

SiBy — Permit  me  a  few  words  in  reply  to  Prof.  v.  Eoenen's  most 
courteous  remonntranoe  oonceming  the  supposed  pectoral  limb  in 
Coeeo9teuB. 

Although  I  did  indeed  saggest  that  Prof.  v.  Koenen  may  have 
mistaken  the  enter  margin  of  the  interlateral  plate  in  his  C,  Bieken$U 
fur  a  peotoral  spine,  I  did  so  without  dogmatism  ;  and  when  I  have 
the  opportunity  of  examining  the  German  specimens,  I  shall  do  so 
with  a  mind  perfectly  open  to  conviction. 

But  I  stand  firm  as  regards  the  position  which  I  have  taken  up 
as  regards  the  absence  of  any  such  ''  Buderorgan  "  in  Coceoiteua 
deetpiena,  the  type  of  the  genus ;  and  I  do  not  think  that  the  argu- 
ment upon  which  Prof.  v.  Eoenen  bases  his  expectations  of  its 
ultimate  discovery  in  this  species,  carries  any  weight  whatever. 
When  we  take  into  account  the  position  in  the  head  of  the  sclerotic 
ring,  its  delicacy,  and  the  manner  in  which  the  Scotch  specimens  are 
crushed,  it  is  by  no  means  astonishing  that  this  structure  should  be 
so  rarely  observable  in  CoccoBieua  decipiena.  Far  otherwise  would 
be  the  case  with  a  peotoral  limb,  were  such  a  thing  present, — for  it 
is  simply  incredible  that  a  long  stout  prominent  external  appendage, 
like  the  •*  Buderorgan  "  in  Prof.  v.  Eoenen*s  restored  figure,  should 
have  escaped  preservation  in  the  hundreds  and  liundreds  of  speci- 
mens of  Scotch  Coccoateua,  which  are  to  be  found  in  the  museums  of 
this  country,  many  of  which  are  absolutely  entire  from  the  tip  of 
the  snout  to  the  point  of  the  tail. 

I  cannot  therefore  share  Prof.  v.  Eoenen's  expectations  as  to  the 
future  discovery  of  a  pectoral  limb  in  Coecosteus  decipiena,  and  con- 
sequently must  still  maintain  that  if  such  a  limb  is  really  present  in 
C.  Bickenaia,  v.  Eoenen,  that  species  must  be  removed  to  a  new  genus. 

7M  April,  1890.  B.  H.  TbaQUAIB. 

MR.  MELLARD  READE  ON  THE  PHYSIOGRAPHY  OF  THE  LOWER 

TRIAS. 

Sib, — So  kindly  is  the  tone  of  Mr.  Mellard  Headers  reply  to  my 
criticisms  on  his  explanation  of  the  Physiography  of  the  Lower  Trias 
that  it  is  not  without  regret  that  I  am  compelled  to  observe  that  in 
my  opinion  he  has  failed  to  meet  them.  His  reply,  in  short,  as  it 
seems  to  me,  errs  in  excess  and  in  defect.  In  excess,  for  these 
reasons: 

(I)  I  do  not  "  misconceive  the  facts  in  speaking  of  the  Bunter 
generally  as  a  '  conglomerate.' "  Mr.  Mellard  Beade  has  misunder- 
stood my  words  by  isolating  my  last  paper  from  all  that  I  have 
previously  written.  I  have  touched  upon  the  anomaly  of  the  Lanca- 
shire Bunter  (of  what  I  know  something)  twice  at  least  (Geol.  Mao. 
Dec.  II.  Vol.  X.  p.  204 :  Address  to  Sect  C,  British  Association, 
Birmingham,  1886).  I  did  not  again  mention  it,  because  I  had 
nothing  to  add  to  my  previous  remarks.     In  reading  the  proof  tk<^ 
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ides  of  iiuertiDg  a  protecting  claose  did  indeed  oooor  to  my  mind, 
bnt  I  abstained  from  so  doing,  becanae  I  aoppoeed  that  I  aboald  be 
credited  with  the  possesaion  of  what  is  common  knowledge.   Keaden 
get  wearied  if,  in  writing  geological  papera,  we  imitate  the  style  of 
legal  docomenta.     I  dwelt  npon  the  thickneea  of  the  Staffordshire 
pebble  beds  (which  I  nnderstated  rather  than  OTerstated),  becanse  the 
strength  of  a  chain  is  the  strength  of  its  weakest  link,  and  I  canoot 
explain,  for  reasons  already  giren,  these  conglomerates,  as  they  occur 
over  a  considerable  area  of  the  Midlands,  by  Mr.  Mellard  Beade*8 
hypothesis.     The  comparatiTe  absence  of  pebbles  in  the  northern 
region  is  nndoabtedly  an  anomaly  for  which  we  have  not  yet  found 
the  explanation  (I  could  offer  one,  bnt,  as  it  wonld  be  an  hypothesis, 
I  abstain  on  the  present  occasion,  lest  I  should  trespass  too  much  on 
the  Editor's  tolerance).     But  on  the  hypothesis  of  a  southern  deriva- 
tion, the  much  greater  thickness  which  the  Hunter  group  as  a  whole 
attains  in  the  district  about  the  Mersey  compared  with  that  in  Staf- 
fordshire (more  than  double)  is  also  an  anomaly.     To  this  I  believe 
we  might  a<ld — though  here,  as  my  personal  obeenrations  are  not  very 
numerous,  I  must  speak  with  caution — the  greater  abundance  of 
felspar  fragments  in   the   sandstones  of  the   Lancashire-Cheshire 
Bunter.     So  in  this  matter,  as  it  appears  to  me,  our  difficulties  are 
mutually  destructive,  like  Kilkenny  cats,  and  they  may  leave  us 
much  as  they  found  us. 

Bnt  I  cannot  understand  how  the  naturo  of  the  sand  in  the  Bunter 
helps  Mr.  Mellard  Keade.  "  An  inspection  of  the  geological  map  of 
Scotland  shows  such  a  diversity  of  rock  structure,  and  there  exist 
such  lithological  differences  in  the  various  areas  that  would  have 
drained  into  these  two  hypothetical  rivers,  as  to  seem  irreconcilable 
with  the  required  travel  of  sand  southwards."  This  inspection,  as  it 
seems  to  roe,  shows  that  the  area  chiefly  drained  would  be  the  great 
crystalline  region — then  doubtless  more  Alpine  in  character  than 
now,  the  fragments  of  which  are  called  the  Scotch  Highlands. 
Mr.  Mellard  Reade  forgets  that  the  detrital  beds  of  this  region 
(which  were  doubtless  also  undergoing  denudation  at  this  epoch) 
present  no  small  resemblance  to  the  Bunter  Beds  of  England. 
Parallels  to  this  argument  may  be  found  in  the  sandstones  of  the 
Carboniferous  system  in  England,  and  in  not  a  few  cases  in  other 
lands. 

(2)  Mr.  Mellard  Reade  falls  into  a  second,  though  perhaps  more 
natural,  misconception  in  regard  to  my  views  as  to  the  efficacy  of 
tidal  currents.  My  doubts  as  to  their  potency  referred  to  their  action 
under  the  physical  conditions  of  the  English  Trias;  that  is,  in  an 
elongated  gulf  (adopting  for  a  moment  his  hypothesis),  to  which, 
moreover,  in  all  probability,  the  entrance  was  narrow  and  shallow. 
To  discuss  the  whole  question  would  extend  this  letter  too  much,  but 
I  must  remark  that  citations  concerning  the  action  of  the  tide  off  the 
British  Isles,  where  the  physical  conditions  are  very  dissimilar,  do  not 
appear  to  me  germane  to  the  subject. 

Next,  as  to  the  defect  Mr.  Mellard  Reade  refrains  from  noticing 
my  comparison  of  the  Bunter  of  England  to  the  Nagelflue  and 
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Molasae  of  Switzerland,  because  "  be  bas  no  personal  observations  to 
record  "  on  tbem.  Bat  is  not  tbis  in  e£fect  admitting  tbat  be  is 
making  wide  generalizations  on  a  ratber  limited  experience,  or,  in 
other  words,  falling  into  an  error  too  common  among  Britisb  geolo- 
gists ?  But  still  more  serious  a  defect  is  bis  silence  as  as  to  my  main 
argument,  wbiob  briefly  stated  is  tbis  :  "  I  tbink  I  bave  a  fairly  good 
knowledge  of  Britisb  rocks ;  I  can  identify  tbe  majority  of  the  Banter 
pebbles  (not  of  one  rock  species  only)  witb  rocks  wbicb  occur  in  iitu 
in  tbe  Highlands  and  as  pebbles  in  later  Palaeozoic  beds  in  Scotland 
down  at  least  as  far  as  Arran,  but  I  have  as  yet  failed  to  find  tbem, 
either  in  ntu  or  in  older  conglomerates  in  tbe  southern  half  of 
England,  or  to  discover  a  spot  in  wbicb  we  may  assume  tbem  to  be 
hidden  from  our  sight" 

T.  Q.  Bonnet. 


FRIEDRICH    AUGUST    VON    QUENSTEDT. 

Born  9th  July,  1809;  Died  218t  Dbobmbbr,  1889. 

By  tbe  death  of  Prof.  Quenstedt,  Science  bas  to  mourn  the  loss  of 
the  Nestor  of  German  geologists.  He  was  bom  at  Eisleben  in 
Saxony,  and  after  the  death  of  his  father,  a  member  of  the  Gendar- 
merie of  tbat  town,  he  was  adopted  by  his  maternal  uncle,  a  school- 
master at  Meisdorf ;  here  he  learnt  Latin  and  music,  and  by  the 
latter  accomplishment  managed  to  cam  suflicient  money  to  go  to  a 
University.  He  went  to  Berlin  in  1830,  and  having  overcome  bis 
uncle's  wisb  that  he  should  devote  himself  to  theology,  Quenstedt 
threw  himself  into  the  study  of  natural  science  and  philosophy  ;  he 
worked  especially  at  crystallography  and  mineralogy  under  Wiess 
and  Mitscberlicb.  After  the  couclusion  of  his  University  course, 
Quenstedt  was  appointed  an  Assistant  in  the  Berlin  Museum :  his 
two  principal  papers  published  at  this  time  were  **  Ueber  After- 
krystalle  des  Serpen  tins"  and  "Die  Eutwickelung  und  Bereehtung  des 
Datholiths."  In  1837  he  was  appointed  Extra  Professor  at  Tubingen, 
and  in  1842  be  was  promoted  to  the  full  Chair  of  Geology,  Miner- 
alogy, and  Palaeontology.  Here  he  laboured  for  more  than  fifty 
years,  investigating  the  palaeontology  and  geology  of  Wiirtemberg, 
building  up  the  collection  of  the  University,  and  popularizing  the 
study  of  geology  in  the  neighbouring  district  That  the  last  object 
was  not  the  least  in  Quenstedt's  ambition  is  illustrated  by  the  fact 
that  the  first  work  he  published  in  his  new  home  was  a  small  popular 
volume,  "  Schwaben,  wie  es  war  und  ist."  Immediately  alter  his 
appointment  at  Tiibingen,  Quenstedt  began  the  work  on  the  Suabian 
Jurassics,  witb  which  his  name  will  always  be  associated.  His 
"Flozgebirge  Wiirttembergs "  (1843)  was  tbe  first  fruit  of  bis 
labours  in  this  field.  In  order  to  compare  this  series  witb  that  of 
other  areas,  Quenstedt  made  a  number  of  walking  tours  in  France, 
North  Italy,  Savoy,  etc.  A  serious  illness  of  the  lungs  in  1859,  due 
to  over-exposure,  compelled  him  to  abandon  these  annual  excursions; 
be  bad  however  already  acquired  tbe  knowledge  he  sougbt,  and  \iv& 
"  Der  Jura  "  bad  appeared  in  the  previous  year. 
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The  "  Petrefaotenkunde  Deatsohlands  "  was  Qaenstedfs  greatest 
work ;  the  first  volame  was  issaed  in  1849,  and  the  eighth  and  last 
in  1884 :  it  has  been  calcalated  that  there  are  no  less  than  19,029 
speoimens  figured  and  described  in  this  work.  Jurassic  palsBontology 
is  especially  well  treated  in  the  Petrefacta,  and  also  in  Qaenstedt's 
"Handbuch  der  Petrefaktenkande,"  the  three  editions  of  which 
appeared  in  1852,  1867,  and  1885  respectively;  he  made  farther 
contributions  to  the  knowledge  of  the  fauna  of  the  same  system  in 
an  extensive  series  of  memoirs.  The  Cephalopoda  was  his  favourite 
group:  it  formed  the  subject  of  both  his  first  and  last  palfeonto- 
logical  works,  viz.  his  doctoral  thesis  in  1886,  "De  notis  nautileanim 
primariis,"  and  *'  Die  Ammoniten  des  sohwabischen  Jura,"  concluded 
a  few  months  before  his  death.  But  though  palceontology  became 
the  chief  work  of  his  life,  as  was  naturally  the  case  with  a  geologist 
living  among  the  rich  Jurassic  rocks  of  Wiirtemberg,  Quenstedt  did 
not  neglect  his  first  love,  mineralogy,  and  his  *'  Methode  der 
Krystallographie  "  (1840),  his  well-known  "  Handbuch  der  Miner- 
alogie"  (1854, 1863,  and  1877),  and  his  "Gnmdriss  der  bestimmen- 
den  und  rechnenden  Krystallographie"  (1873),  were  his  principal 
publications  upon  this  subject.  Probably  no  Grerman  geologist 
was  more  prolific  of  big  books  than  Prof.  Quenstedt,  and  the  fact 
that  he  accomplished  so  much  is  no  doubt  to  be  explained  by  his 
retention  in  after-life  of  the  indefatigable  energy,  the  simple  life, 
and  abstemious  habits,  which  characterized  him  in  his  student 
days.  Bom  of  the  people,  he  was  always  in  touch  with  them, 
and  he  never  used  the  title  **  von,"  which  had  been  granted  him ; 
his  popular  works,  "  Sonst  und  Jetzt"  (1856),  **  Epochen  der 
Natur"  (1861),  and  "  Klar  and  Wahr"  (1872),  showed  how  deeply 
he  felt  the  need  of  the  popularization  of  scientific  education.  His 
success  in  forming  so  valuable  a  collection  from  the  Wdrtemberg 
Jura  is  probably  as  much  due  to  the  interest  in  geology  spread  by 
his  writings  as  to  his  own  personal  popularity  with  the  people 
among  whom  he  lived  so  long  and  laboured  so  well. 


MELCHIOR    NEUMAYR. 

Born  24th  Octobbr,  1845;    died  29th  January,  1890. 

Melchior  Neumayr  was  bom  in  Munich  on  24th  October,  1845, 
but  spent  most  of  his  childhood  in  Stuttgart,  where  his  father  was 
the  Bavarian  Ambassador.  As  the  son  of  a  family  that  has  borne 
an  honoured  name  in  the  annals  of  Bavarian  history,  Neumayr  was 
destined  for  political  service,  and  after  leaving  the  Gymnasium 
of  Munich,  he  commenced  a  oourse  of  legal  studies  in  the  Uni- 
versity of  that  city.  Here,  however,  his  enthusiasm  for  science 
manifested  itself,  and  led  him  to  abandon  law  for  geology  and 
palaeontology,  the  better  to  study  which  be  proceeded  to  Heidelberg. 
After  gaining  his  Ph.D.  at  this  University,  he  returned  to  Bavaria, 
and  worked  under  Q umbel  on  the  geological  survey  of  that  state. 
After  a  few  months*  training  he  joined  in  1868  the  service  of  the 
Austrian  Geologische  Eeichsanstalt  as  a  volunteer ;  in  the  same  year 
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he  issned  his  first  paper  in  oonjnnotion  with  Dr.  Gniclo  Staobe  on 
"  Die  Klippen  bei  Lablaa  und  Jerembina."  He  booq  secured  an 
appointment  on  the  paid  staff  of  the  Survey,  on  which  he  remained 
till  1872.  He  was  eng^aged  mainly  in  the  Tyrol»  the  Vorarlberg, 
and  the  Carpathians,  and  it  was  no  doubt  the  work  during  this 
period  that  fixed  the  bent  of  Neumayr's  genius,  as,  after  facing  for 
four  years  the  great  geological  problems  connected  with  those 
diHtricts,  it  was  impossible  for  him  to  settle  down  as  merely  a 
laboratory  palaaontologist  At  the  same  time  Neumayr  was  not 
indifferent  to  the  mountains  for  their  own  sake:  he  soon  became  a 
keen  climber  and  an  energetic  member  of  the  Deutscher  und  Oester- 
reich  Alpin  Verein ;  in  spite  of  the  many  calls  upon  his  time,  he 
served  for  a  year  as  secretary  to  this,  the  greatest  of  the  Alpine  Clubs, 
and  only  withdrew  from  the  rolls  of  officers  on  his  return  to  Germany 
in  1872.  Though  in  later  years  heart  disease  prevented  his  active 
participation  in  Alpine  work,  he  followed  it  with  unflagging  interest, 
and  was  to  the  last  a  fairly  regular  contributor  to  the  Mittheilungen 
of  the  Deutscher  und  Oesterreich  Alpin  Verein. 

In  1872  Neumayr  resigned  his  post  on  the  Austrian  Reichsanstalt, 
and  returned  to  Heidelberg;  but  in  the  succeeding  year  he  was 
recalled  to  Vienna  as  Extraordinary  Professor  of  Palseontology,  a 
chair  then  created.  In  1874  he  made  a  geological  exourBion  to 
Northern  Greece  and  the  ^gean ;  he  climbed  Athos  and  Olympus, 
and  worked  out  and  described  the  sequence  of  schists,  gneisses  and 
marbles  of  which  the  former  mountain  is  composed.  In  1879  he 
was  appointed  to  the  Ordinary  Professorship  at  Vienna,  a  post  he 
held  till  his  death. 

Tliough  Neumayr's  scientific  work  was  executed  in  but  little  over 
twenty  years,  it  was  unusually  fruitful  in  interesting  results.  His 
writings  may  be  divided  into  three  classes :  First,  his  more  popular 
works,  such  as  his  well-known  '' Erdgeschichte  "  (1887),  and  some 
of  his  papers  on  mountain  structure,  such  as  that  recently  issued  on 
"  Bergstiirze."  Secondly,  his  petrographical  and  stratigmphical 
papers  beginning  with  his  '*  Petrographischen  Stndien  iiber  mittleren 
uml  oberen  Lias  Wurtembergs  *'  (1868  and  1870),  and  his  "  Dogger 
and  Malm  in  Penninischeu  Klippenzug"  (1869) ;  besides  a  series  on 
the  Jurassic,  there  are  his  "  Das  Schiefergehirge  der  Halbinsel 
Chalkidike  und  der  thessalische  Olymp"  (1876);  and  a  valuable 
series  giving  the  results  of  his  ^gean  tour,  published  in  1881 ;  later 
still  his  paper  *'Die  krystallinischen  Schiefergehirge  in  Attika" 
(1884),  shows  that  he  always  retained  his  interest  in  petrographical 
problems. 

The  papers  of  the  third  class,  the  more  strictly  palseontological, 
form  a  very  lengthy  list,  touching  on  most  divisions  of  the  Animal 
Kingdom.  The  groups  upon  which  Neumayr  wrote  most  frequently 
were  the  Jurassic  Cephalopods  and  the  freshwater  Mollusca  of  the 
Vienna  basin  ;  but  valuable  papers  stand  to  his  credit  on  the  Fora- 
minifera,  Ccelenterata,  and  Echinodermata ;  his  first  memoir  on  the 
last  group,  "  Morphologische  Studien  iiber  fossilen  Echinodernien," 
was  an  especially  original  and  suggestive  piece  of  work.     Nor  did 
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be  oonfine  himself  to  the  Inyertebrates,  for  he  wrote  more  than  onoe 
on  the  Mammalia.    Neumayr's  knowledge  of  the  Jurassic  fauna  and 
geology  was  exceptionally  wide,  and  upon  it  was  based  the  brilliant 
generalizations  as  to  the  zoological  regions  and  climatic  zones  of  that 
period,  which  mark  out  the  series  of  papers  commenced  under  the 
title  of  "  Jura-studien "  as  his  masterpiece.      The   "  Stamme  des 
Thierreichs  "  was  the  last  of  his  larger  works,  and  of  this  only  one 
volume  has   been    issued :    in    this   he   dealt  with    the   Protozoa, 
Coelenterata,  Echinodermata,   Vermes,    and   MoUuscoidea,   treating 
each  group  with  a  master-hand  and  in  an  original  method.     The 
second  volume  would  have  been  even  better,  for  if  Neumayr  could 
be  charged  with  being  a  specialist,  it  would  have  been  in  connection 
with  two  of  the  classes  there  to  have  been   discussed.     He  also 
projected  an  "  Index  Palseontologicus  "  ;  but  this  with  many  other 
plans  of  his  has  been  frustrated  by  his  death. 

But  though  it  may  be  convenient  to  group  his  work  under  these 
three  divisions,  Neumayr  was  too  true  a  palaeontologist  for  any  rigid 
classification  to  be  poKsible  on  such  lines.  Palsdog^eography  was 
with  him  inseparably  connected  with  palaeontology,  and  his  work 
on  the  former  subject  compelled  him  to  keep  abreast  with  the 
progress  in  other  branches  of  geological  work.  Neumayr  did  not 
regard  palaeontology  as  a  mere  branch  of  zoology,  and,  keen  evolu- 
tionist though  he  was,  fossils  had  for  him  a  higher  value  than  that 
which  they  possess  from  their  bearing  on  the  origin  of  the  existing 
fauna.  He  was,  of  course,  interested  in  this  aspect  of  the  question, 
and  probably  no  better  work  has  been  done  in  tracing  descent 
among  the  invertebrates  than  his  "  Herkunft  der  Unionen  "  and  his 
"  Die  natiirlicbe  Yerwandtschaftsverhaltnisse  der  schalentragenden 
Foraminiferen."  But  it  would  be  unjust  to  Neumayr  to  regard  him 
as  a  phylogenist  alone,  or  to  attach  most  value  to  his  work  in  this 
field  :  the  most  original  work  in  his  *'  Stamme  "  was  his  reclassifica- 
tion of  the  Crinoidea,  which  marked  a  great  advance  when  the 
compositor  set  it  up ;  but  it  was  out  of  date  before  the  sheets  had 
left  the  press.  His  discoveries  in  other  subjects  are  of  much  more 
permanent  value,  and  it  is  probably  for  these  that  he  will  be  best 
remembered.  He  has,  in  fact,  been  recently  described  as  a 
"  palaeogeographer  "  rather  than  a  palaeontologist,  but  this  he  would 
probably  have  regarded  as  a  slurring  limitation  on  his  favourite 
branch  of  science.  Neumayr*s  qualifications  for  the  discussion  of 
questions  of  the  physical  geography  of  the  past  were  simply  unique, 
and  it  is  probably  here  that  he  will  be  most  missed.  Considering  the 
powerful  work  of  his  early  manhood,  still  more  brilliant  achieve- 
menta  might  have  been  expected  from  the  efforts  of  his  maturer 
years.  But  the  heart  disease  that  had  so  long  afflicted  him  struck 
him  down  in  the  very  prime  of  life,  just  when  his  mastery  of 
Jurassic  palaeontology,  his  thorough  acquaintance  with  stratigraphical 
literature  and  his  sound  knowledge  of  the  principles  of  p)  ysical 
geology,  seemed  most  in  demand  for  the  solution  of  the  problems 
Siat  he  knew  so  well  how  to  handle. 
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L — FuBTHSB  Notes  on  somk  Mollusoa  fbom  South  Australia. 

By  W.  H.  HuDLBSTON,  M.A.,  P.E.S.,  P.G.S. 

(PLATE  IX.) 

JN  the  Geological  Magazine  for  1884*  some  Mesozoic  fossils, 
obtained  from  near  Mount  Hamilton  and  the  Peak  Station,  were 
Qoticed  by  me  with  figares  and  descriptions  where  the  specimens 
vrere  fairly  well  preserved.  Since  then  additional  specimens  have 
been  procured  from  adjoining  districts.*  The  general  character  of 
the  facies  is  fairly  similar  to  that  already  noticed  in  1884 ;  but  on  the 
whole,  perhaps,  the  specimens  are  scarcely  so  well  preserved. 
A.ccording  to  the  opinion  of  those  who  have  had  most  experience, 
these  fossils  may  be  regarded  as  of  **  Cretaceo- Jurassic  "  age,  though 
[  am  not  aware  that  such  undoubted  Cretaceous  forms  as  Ancyloceras, 
Btc.,  have  been  discovered  in  the  beds  whence  the  fossils  forming 
the  subject  of  these  notes  have  been  derived. 

With  the  materials  before  us,  mostly  in  the  state  of  casts,  and 
Sometimes  only  single  specimens,  a  really  good  specific  diagnosis  is 
almost  impossible.  In  those  cases  where  I  have  ventured  to  give 
a  name,  it  must  be  regarded  as  mainly  for  convenience  of  reference. 
To  constitute  species  on  a  sound  basis  we  require  better  specimens, 
and  more  of  them,  and  these  it  is  to  be  hoped  that  the  collectors 
will  ere  long  supply. 

Ammonites  fontinalis,  sp.nov.  PL  IX.  Fig.  1. 
Shell  compressed,  carinated,  involute.  Owing  to  the  raising  of 
the  umbilical  margin  the  whorls  are  slightly  concave  towards  the 
centre;  umbilicus  deep  with  steep  walls,  restricted  yet  showing 
portions  of  each  of  the  inner  whorls  in  succession.  In  the  early  whorls 
and  more  central  portions  of  the  body- whorl  the  ornaments  consist 
of  numerous  fine  flexuous  lines,  which  have  a  tendency  to  pass  out- 

i  Dec.  IIL  VoL  I.  p.  339  and  Plate  XL 

'  The  fossils  described  in  this  paper  form  part  of  a  small  collection  of  geological 
specimens  which  was  exhibited  in  the  South  Australian  Court  of  the  Colonial  Exhi- 
bition in  1886,  and  subsequently  presented  by  Henry  Y.  Lyell  Brown,  Esq.,  F.G.8., 
OoTemment  (Geologist  for  South  Australia,  to  the  Trustees  of  the  British  Museum 
(Xataral  History).  They  have  now  been  figured  and  described  at  the  request  of 
Mr.  H.  Y.  Lyell  Brown.  The  collection  comprises  in  addition,  some  Tertiary 
I^lant-remains,  some  Tertiary  MoUusca,  and  some  Palseozoic  Corals  and  fragments 
of  Trilobites ;  the  latter  are  from  Yorkers  Peninsula,  and  it  is  hoped  that  these  will 
shortly  be  described  with  the  kind  assistance  of  Dr.  G.  J.  Hinde,  F.G.S.,  and  other 
pilsontologistB.— Edit.  Geol.  Mao. 

DBCADl  HI. — VOL.  VU. — VO,  VI,  \^ 


-T-   -T.  ':-.♦»":■* ■_-•■*».     *>»•■  «     '•V**    ^liTV  ^ 


V  -  J 


m 


_  I 


T.i.-s     -r7"---.-     •   :.  ■  "-- — .     ill-.,     nn.:*--!    simiiML   «:    fir  tf 


▼-    iTt    cT  :i   ••'U.::  ;  -:     .    ?^    i  "^-i-n*  »  ^a.  ^fir-j.-v  i'lDrK.  ind 
J.fl.    rriiii.-.-'i.irt*.    A  ~':=^.      7":^    ''•rTkr* 'i&   s:»-r.«iw   s?  fir  li  nv 

*':.:»»^»^j"'r  r"*^    l..  i»i'    ."fi--*  »^:    ilo^ij  ivin--^  .c"  r£!iexL:u&zice  to  tha 

I:    --♦    ▼  :•■'.: ^     "   rr'j.  re   "Ltr  iii^TLTT.rff    :.LTf   i^-'i^fr:?  proved 

-•-    :.r     *.   '-i-r   7*'l:   I-t-I     T  l..f    V.f.  tt^^^    t.C.   rrL  p.  15*)), 

•-:  viT-  >*-  -7  X.»  -r^  Ht  :es:!-.:iri  l  !'?▼  :  "ti  is5*r  Tbe  name 
", '  .4ifc.  :•-♦»-*  ■■  :_oi  v-L*  ?»u  :  ::  -^^^tl:!-*  _i»»-  :«  £«t»:*w- d'«!W>..  of 
v-r  '.-"rri.:  "•    'r:.     v?  Z^  Z-.i-HrLr-  ." '---  it*  ±r:r*i  £t*  species  of 

»'->r^  ".:.*  ■»  .'-fc*  ir-»-!r:L"^    k  se:  irrjr"—  ■:::-r.':i.rl:=.  &:  ;hr  extremity. 
I'  v:*::.'-%  a-r-i'-rr*:  :.:   :i-=r  'rrr:  ice; -s.  t-z.  ^».*^&rj  nin'safa,  Man  tell 

A;.-r',i.ri»>  jr^^^L.  "w-.:i:«  lat  -al  "  J.>  mm. 
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7 1*'!  uniu\f^T  fjf  wh:ri*  is  from  ten  xo  rwelvr:  tbese  are  full  and 
r'iuu*\*.'\  ,u  xuH  *:s%x\\  stages  the  ex:re::ie  ari^tl  whorls  are  unknown\ 
i^ritiSkU'A  ifi  the  Ut^r  iitagea;  carina  ne-irlv  me<iian,  and  ornamented 
wi*h  nhz/rl  thick  tul/ercnlations ;  a  $<ro>nd  carina  is  sometimes  dis- 
fUty*-A  at  lh<;  ^^HA^;  of  the;  whorls.  Bo-U*-whorl  angular,  salient  and 
fVutttiisiU'A ;  th^  jKii^terior  carina  very  strong  and  prolonged  into 
Ii  ktotit  'limitation,  the  true  termination  of  which  is  unknown.  In 
Noffio  n\t*i*:\tiitmn  the  carina  of  the  hody-whorl  are  tuberculated,  in 
fffhers  ajf parent ly  not  so.  Tlie  sutures  are  rather  open,  so  that  the 
kmtm  Iff  the  whorls  are  jiartly  uncovered.    Other  indications  wanting. 
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This  species  ooours  in  black  argillo-caloaTeons  nodules  at  Primrose 
prings.  Some  of  the  nodules  are  full  of  interior  casts,  with 
ortions  of  shell  substance  adherent,  but  no  casts  of  the  exterior  or 
F  the  appendages  are  available  at  present.  Accurate  diagnosis  and 
xict  comparisons  are  therefore  difficult. 

No  species  of  Alaria  is  enumerated  in  Moore's  "Australian  Mesozoio 
Geology";  but  Mr.  Etheridge,  jun.,  figures  Anchura  Wilkinsoni 
Queensland  Pal.  pi.  31,  figs.  4  and  5),  which  is  shorter,  possesses 

wider  spiral  angle,  and  has  more  slender  costas  on  the  carina  of  the 
^horls  of  the  spire  than  is  the  case  with  our  species,  which  I  con- 
der  to  be  different.  On  the  other  hand,  our  species  presents  many 
oints  of  resemblance  to  Anehura  cartnata,  Mantell,  of  the  Gault. 
adeed,  if  they  are  not  the  same  species,  they  are  very  closely  allied ; 
nd  as  I  only  have  access  to  a  cast  of  the  one  and  to  shells  of  the 
ther,  a  true  comparison  is  impossible.  If  we  had  any  evidence  of 
ie  securiform  termination  of  the  wing  in  the  Australian  fossil,  I 
bould  be  almost  disposed  to  pronounce  iu  favour  of  its  identification 
rith  Anehura  cartnata. 

Turbo  ?  sp.     Plate  IX.  Fig.  3. 

The  length  is  about  20  mm. ;  width  rather  more,  and  the  spiral 
ngle  nearly  a  right  angle.  The  shell  is  turbinate,  and  has  three  or 
)ur  whorls,  which  increase  regularly,  and  do  not,  as  far  as  may  be 
idged  from  the  cast,  present  any  marked  tabulation.  Portions  of 
be  different  shell-layers  are  preserved,  the  inner  ones  exhibiting  a 
Dnsiderable  amount  of  nacre.  There  are  no  certain  indications 
f  external  ornament,  though  the  general  aspect  might  suggest  a 
mooth  exterior.  Traces  of  a  sutural  canaliculation  are  also  visible. 
Tie  aperture  is  imbedded  in  matrix,  but  appears  to  be  circular. 

But  for  the  apparent  depth  of  the  sutural  canaliculation  and  its 
eirger  size,  the  general  aspect  of  this  shell  suggests  that  it  belongs  to 
he  group  of  "  Turbo"  which  is  characterized  by  Turbo  (Nerita) 
xvigatuSf  Sow.,  and  which  group  has  been  likewise  successively 
eferred  to  Monodonta,  Chrysostoma,  and  to  Aiaphrus,  Gabb.  It  may 
>e  worth  noticing  that  Turbo  loBmgaiua  was  enumerated  by  Moore 
rom  the  Qreenough  district  in  West  Australia. 

A  single  specimen  is  known  from  Primrose  Springs. 

AOT-fiON  or  AVBLLANA,  sp.      PI.  IX.   Fig.  4. 

Length  6^  mm. ;  body-whorl  about  four-fifths  of  the  total  length  ; 
spire  subdepressed,  and  consisting  of  about  three  whorls,  increasing 
under  a  wide  angle.  Body -whorl  relatively  very  large,  and  more 
ventricose  posteriorly  than  in  front.  The  ornaments  consist  of 
regular  deep-set  punctate  furrows,  spirally  arranged,  which  leave 
their  impress  on  the  cast  of  the  body-whorl,  where  they  are  about 
twenty.four  in  number.  Aperture  broadly  ovate,  and  about  two-thirds 
the  length  of  the  shell.  Columella  much  excavated,  and  showing 
on  the  cast  the  mark  of  one  fold  situated  anteriorly.  Other  indica- 
tions wanting. 

There  being  no  shell  whatever  on  the  body-whorl,  it  is  difficult  to 
fix  the  genus  with  certainty.     The  general  aspect  o(  l\ie  Qa.^\.,  «si^ 
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especially  the  deep-set  punctate  farrows,  remind  ns  of  Avellana, 
whilst  the  single  fold  on  the  columella  is  in  favour  of  Actam, 
Cf.  Actaon  depreasus,  Moore,  Q.J.G.S.  vol.  xxvL  p.  256,  pi.  x.  fig.  20, 
and  R.  Etheridgp*s  Queensl.  Pal.  pi.  29,  fig.  9. 

A  single  specimen,  probahly  from  Primrose  Springs. 

Pkotkn,  sp.     PI.  IX.  Fig.  5. 

Form  orbicular  and  depressed,  umbones  pointed,  auricles  moderately 
unequal.  The  shell  appears  to  have  been  nearly  smooth,  and  the 
ornamentation  was  confined  to  concentric  lines. 

It  is  somewhat  more  orbicular  than  Pecten  socialiSf  Moore  (vol.  cit, 
p.  248,  pi.  xi.  ^g.  9).  There  is  a  certain  general  resemblance  to 
Pecten  orbicularis.  Sow.,  and  in  a  less  degree  to  Pecten  demissus,  PhiL 

A  single  specimen  from  Hamilton  Station  near  Lake  Eyre. 

PSBUDAVIOULA   ANOMALA,  MoorC,  1870. 

1870.     Lueina  anomala,  Moore,  Q.J.Q.S.,  vol.  xxti.  p.  251,  pi.  xit.  f.  4. 

1884.    Avieula  orbieularit,  Hudl.,  Gbol.  Mao.  Deo.  III.  Vol.  I.   p.  341,  PI.  YI. 

Fig.  10. 
1890.    Pieudavieula  anomala,  Moore,  Queensland  Palaeontology,  pl.  xxiv.  fig.  13. 

Mr.  Etheridge,  jun.,  is  probably  right  in  assuming  that  Avicvla 
orbicularis  is  a  synonym  of  Lueina  anomala,  though  Mr.  Moore  was 
very  wide  of  the  mark  in  referring  an  aviculoid  shell  to  the  genus 
Lueina.  As  the  diagnosis  of  Pseudavicula  is  not  known  to  me,  I  am 
not  able  to  point  out  in  what  respect  it  is  held  to  diflFer  from  Avicula. 

If  Mr.  Etheridge  is  correct  in  identifying  Lueina  anomala  and 
Avicula  orbicularis  J  the  species  occurs  both  in  Queensland  and  in  the 
Lake  Eyre  District  (South  Australia). 

Pinna  austbalis,  sp.nov.     Plate  IX.  Fig.  6. 

Estimated  length,  160  mm. ;  full  width  in  front  45  mm.  Shell 
elongate,  narrow,  deep;  section  in  front  sub-rhomboidal.  Dorsal 
margin  nearly  straight,  ventral  margin  but  little  sloped,  and  slightly 
incurved.  Each  valve  is  unequally  divided  by  a  longitudinal  ridge, 
in  which  is  impressed  a  sulcus  forming  a  line  of  weakness  resulting 
in  actual  fracture  towards  the  front.  Shell  substance  rather  thick. 
The  ornaments  consist  of  numerous  straight  longitudinal  ribs  along 
the  narrow  dorsal  area,  whilst  on  the  wider  ventral  area"  the  ribs  are 
broader  and  more  curvilinear. 

The  materials  for  a  full  diagnosis  are  of  necessity  wanting  where 
so  little  of  the  shell  has  been  preserved ;  but  there  seems  some 
justification  for  constituting  a  new  species  in  this  case.  The  form  is 
less  wedge-shaped  than  Pinna  euneata  of  the  Oolites,  and  in  some 
respects  more  nearly  approaches  Pinna  tetragona.  Sow.  (M.C  t,  313, 
f.  1),  where  the  valves  are  even  more  carinated  than  in  this  one,  and 
where  the  section  consequently  is  more  thoroughly  tetragonal.  Our 
species  therefore  may  be  regarded  as  intermediate  between  the 
cuneate  and  tetragonal  forms  of  Pinna. 

No  species  of  Pinna  has  hitherto  been  described,  so  far  as  I  am 
aware,  from  Australia,  but  there  is  a  fragment  of  a  large  Pinna 
figured  in  Queensland  Palsaontology,  pl.  20,  figs.  16  and  17,  and 
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refereDce  made  to  P.  latieostaia^  Stol.,  Cret  Books  India,  Peleoypoda, 
Pal.  Indica,  vol.  iii.  1871,  p.  385,  pi.  xxv.  ^g.  2-8,  and  xxvi.  fig.  4. 
The  specimen  figured  is  from  a  sandy  bed  at  Primrose  Springs. 

Mytilus,  sp.     Plate  IX.  Fig.  9. 

This  is  a  true  Mytilus,  the  umbones  being  terminal.  It  is  dis- 
tinguished by  the  marked  convexity  of  the  upper  or  hinge  border 
and  a  corresponding  incurvation  of  the  lower  margin.  There  is  no 
shell  left ;  but,  to  judge  from  indications  on  the  cast,  broad  concentric 
lines  constituted  the  principal  ornamentation. 

This  cast  is  perhaps  somewhat  too  compressed  for  Mytilus  rugo* 
costatus,  Moore,  and  both  margins  are  rather  arcuate. 

There  are  no  indications  as  to  locality  with  this  specimen,  which 
probably  comes  from  the  Lake  Eyre  district. 

Mytilus  linguloides,  Hudleston,  1884. 

1884.     Modiola  imguloidet,  Hudl.,  Gbol.  Mao.  Dec.  III.  Vol.  I.  p.  341,  PI.  XI. 
Fig  6. 

I  take  this  opportunity  of  pointing  out  that  Mod,  linguloides  is 
really  a  Mytilus,  Large  specimens  of  this  species  occur  45  miles 
South- West  of  Coattonoona  Station  in  the  Lake  Eyre  district.  It 
may  possibly  be  the  same  as  Mytilus  iiiflatuSf  Moore,  {op,  et  vol.  cit. 
p.  252,  pi.  xiii.  fig.  4).  but  would  seem  to  run  larger  and  to  bo 
somewhat  less  inflated  than  Moore's  species. 

Modiola  subsolbnoides,  sp.nov.     PI.  IX.  Fig.  8. 

Length  from  umbones  to  lower  border  about  55  mm.  Umbones 
rather  blunt ;  umbonal  ridge  much  thrown  back  towards  the  dorsal 
or  hinge-border.  Shell  subelongate  and  gibbous ;  anterior  area 
straight  and  marked  by  rugose  concentric  lines,  which  are  much 
less  strongly  develo{)ed  in  the  dorsal  or  hinge  area,  which  slopes 
from  the  umbo,  and  curves  round  to  meet  the  posterior  extremity. 
This  latter  is  considerably  dilated,  being  2^  times  the  width  of  the 
anterior  extremity. 

This  species  possesses  considerable  resemblance  to  Myoconcha, 
bat  the  shape  of  the  umbones  and  the  subnacreous  character  of  the 
inner  layers  of  shell  are  against  this  supposition.  In  figure  it 
possesses  a  general  resemblance  to  ''  Mytilus  "  aolenoides,  Morris  and 
Lycett  (Great  Oolite  Moll.  Biv.  p.  38,  pi.  iv.  fig.  1). 

No  locality  is  recorded,  but  it  probably  comes  from  the  neigh- 
bourhood of  Lake  Eyre. 

Thbaoia  primula,  sp.nov.     PI.  IX.  Fig.  7. 

Length  to  width  about  as  5 :  3*5.  Shell  extremely  thin,  subovate, 
and  but  slightly  inequi valve,  extremely  compressed.  Umbones  a 
little  posterior,  and  giving  rise  to  a  slight  curvilinear  ridge  in  the 
posterior  area.  Anterior  side  suborbicular,  posterior  extremity 
squarely  truncate.  Breadth  of  anterior  to  posterior  side  as  3:2. 
The  ligament  is  well  developed,  and  occupies  one-third  of  the  length 
of  the  posterior  dorsal  margin.  Bather  broad  concentric  lines  of 
growth  ornament  the  shell. 
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ThiB  species  resembles  Tkrada  WUtom,  Moore  (vol.  dL  p.  25i 
pi  ziv.  fig.  8,  figured  as  Corimya  WiUoniy  Moore,  in  QuensL  PaL 
pi.  28,  figs.  10, 11).  It  is  chiefly  distingoished  from  that  shell  by  the 
difference  between  the  anterior  and  posterior  breadth,  and  pottibly 
also  by  its  smaller  habit  of  growth. 

Locality. — Primrose  Springs,  north  of  Lake  Eyre. 

EXPLANATION  OP  PLATE  IX. 
South  Austrauax  Fossils. 

Fio.  \.  jimmoniUt/ontinali*,  ep,Ji.    Primrose  Springs,  Lake  Eyre. 

2.  Alaria  (?  Anehura)  sp.  cf.  Anchura  eartnata,  MantelL     Primrose  Springi 

3.  ?  Turbo,  gp.,  cf.  Turbo  Utvigatua,  Sow.     Primrose  Springs. 

4 .  Aetaon  or  Avellana,  species.     ?  Primrose  Springs. 

5.  JHeettn,  species.     Mt  Hamilton  Station,  near  I^ke  Ejre. 

6.  Pinna  auatraliij  sp.n.     Sandy  bed  at  Primrose  Springs. 

7.  Thraeia  primula,  sp.n.  (right  valTe).     Primrose  springs. 

8.  Modiola  subioUnoideiy  sp.n.     No  locality. 

9.  'MytiluSj  sp.     No  locality. 


II. — The  Extension  of  the  Mellard  Heads  and  C.  Daviboh 
Theory  of  Secular  Straining  of  the  Earth  to  the  Explana- 
tion OF  THE  Deep  Phenomena  of  Volcanic  Action. 

By  H.  J.  Johnston -Latis,  M.D.,  B.-^Sc.,  F.G.S.,  etc 

FOR  many  years  my  thoughts  have  been  occupied  with  the 
phenomena  of  eruption  at  or  near  the  surface,  and  although 
a  detailed  study  of  the  Vesuvian  volcano  and  its  products  gave  me 
the  key  to  the  mechanism  of  eruption  and  injection  of  igneous 
matter  near  the  surface,  I  was  always  at  a  loss  to  understand,  on 
the  older  theories,  how  lava  could  ever  start  upwards  in  fissures. 

It  has  been  said  that  volcanic  action  was  the  cardinal  point  upon 
which  hung  the  hypotheses  and  theories  which  have  been  or  may  be 
offered  in  explanation  of  those  geodynaniical  problems  which  are 
the  very  basis  of  geology.  Six  years  since,  that  group  of  phenomena 
which  constitute  eruptive  activity  at  the  surface  of  our  planet  were 
recognized  as  due  to  the  presence  of  elastic  vapours  contained 
within  the  fused  rock ;  but  no  ideas  had  been  offered,  and  still  less 
any  law  formulated,  of  the  introduction  into  and  separation  of 
these  volatile  constituents  from  the  igneous  magma  which  is  the 
cause  of  all  the  modifications  of  eruptive  actions  as  we  see  it.  In 
my  paper  on  the  Geology  of  Monte  Sorama  and  Vesuvius,  the  con- 
clusions I  had  been  led  to  by  the  study  of  that  volcano,  as  illustrating 
surface  eruptive  phenomena  in  general,  were  given  and  the  paper 
was  terminated  by  60  propositions  which  appeared  to  me  as  being 
supported  by  those  studies.*  After  my  further  investigations  at 
other  volcanoes,  finding  an  overpowering  abundance  of  confirmatory 
evidence,  those  conclusions  were  united  in  another  paper  of  mine 
read  before  the  Geological  Society  on  April  29th,  1885,  entitled, 
"  The  Physical  Conditions  involved  in  the  Injection,  Extrusion,  and 
Cooling  of  Igneous  Matter,''  and  which  enunciate  the  physical  laws 

*  These  conclusions  and  propositions,  contrary  to  my  wishes,  were  not  allowed  to 
appear  in  the  memoir  at  the  time  it  was  published,  Q.J.G.S.  Feb.  1884. 
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gOTeming  eruptive  action. "  This  paper,  for  some  unknown  reason, 
was  suppressed;  bat  in  1886  it  was  at  last  published  in  the  "Pro- 
ceedings of  the  Royal  Dublin  Society."  ITiat  memoir,  though  so 
much  delayed,  has  preoedenoe  of  the  interesting  studies  of  Lagorio, 
and  recently  of  Iddings. 

Although  these  preliminary  statements  might  appear  as  outside 
the  present  subject,  they  are  not  so ;  for  it  is  necessary  to  separate 
absolutely  the  superficial  from  the  deep  phenomena  of  the  eruption 
of  igneous  matter,  and  reference  to  those  papers  should  be  made,  so 
that  it  may  be  seen  that  there  such  distinction  has  been  made,  and 
a  full  explanation  of  the  superficial  ones  given.  What  was  assumed 
as  necessary  to  that  explanation  was,  if  required,  an  unlimited  amount 
of  igneous  matter  coming  from  below.  It  is  just  this  assumption 
that  is  now  to  be  discussed  in  the  light  of  the  new  theory  of  secular 
straining  of  the  earth  which  I  contend  will  give  the  first  clear 
and  satisfactory  explanation  of  deep  volcanic  action. 

In  the  old  theory  of  the  earth-crust  crumpling  over  a  contracting 
and  cooling  nucleus,  fluid  or  partially  so,  it  always  appeared  to  me 
to  be  inexplicable  how  fluid  matter  could  be  squeezed  out,  or  why 
all  the  fluid  on  the  surface  of  the  earth  did  not  rush  down  to  fill  up 
any  vacancy  that  the  contracting  interior  tended  to  pro<luce. 

This  perhaps  is  expressing  the  facts  in  simple  commonplace 
terms,  but  is  sufficient  to  illustrate  the  incompatibility  of  this 
hypothesis  with  the  fact  of  some  of  the  liquid  interior  of  the  earth 
rising  through  fissures  towards  the  surface. 

The  hypothesis  that  tangential  thrust  did  not  exist,  but  that  the 
earth-crust  was  shrinking  and  compressing  an  entire  or  partial  fluid 
nucleus,  would  have  satisfied  the  vulcanologist,  but  is  absurdly  con- 
trary to  the  incontrovertible  evidence  of  tangential  compression,  as 
seen  in  the  plications  and  overthrusts  existing  upon  the  whole 
surface  of  the  globe. 

The  Mellard  Reade  and  Davison  theory  is  reasonable  in  itself,  and 
satisfies  alike  the  student  of  mountain  building  and  the  vulcanologist 
Prof.  0.  Fisher's  criticisms  at  first  sight  seem  rather  serious  to  the 
theory  itself;  but  when  we  consider  the  most  flimsy  nature  of  the 
data  of  the  age  of  our  earth,  the  temperature  of  solidification  and 
the  rate  of  cooling,  we  may  safely  say  that  the  mathematician  has 
yet  to  have  his  day.  Besides  this,  even  the  nature,  and  still  more 
the  conductivity  of  all  rocks  beyond  two  miles  from  the  surface 
is  unknown. 

The  new  theory  tells  us  that  the  shells  from  the  uncooled  nucleus 
out  to  the  zone  of  maximum  cooling  lose  more  and  more  heat ;  and 
their  tangential  strain  increases — a  condition  in  fact  identical  with 
the  guns  built  up  of  steel  rings,  shrunk  on,  one  above  another. 
The  tendency  of  all  the  shells  beneath  the  no-strain  zone  is  not  only 
to  crumple  all  above  it,  but  to  compress  the  uncooling  nucleus ;  but 
when  that  compression  has  reached  its  maximum  limit,  equilibrium 
can  only  be  restored  either  by  fluxion  stretching  or  shearing  (how 
about  foliation)  or  fracture.  This  fracturing  would  tend  to  be 
fusiform  in  section  (I  am  open  to  correction)  Yritb.  \\ie  Tiv^xaiWYKi 
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separation  of  the  sides  at  the  sone  of  mazimnm  oooUng,  with  one 
extremity  reaching  on  one  side  to  the  nncooling  nndenB,  and  on  the 
other  to  the  zone  of  no-strain.  But  the  compression  exerted  on  the 
nucleus  by  the  shells  beneath  the  no-strain  sone  would  oanse  say 
part  of  it  sufficiently  fluid  to  rise  and  inject  this  fiasnie.  In  con- 
sequence of  this,  we  should  have  a  mass  of  igneous  matter  tbtt 
would  have  become  more  fluid  by  diminished  pressure  connected  hj 
a  narrow  neck  below  at  the  lowermost  shell  of  oooling,  but  its 
maximum  bulk  at  the  zone  of  maximum  cooling,  whilst  its  most 
excentric  or  uppermost  prolongation  would  reach  the  sone  </ 
no- strain. 

Now  the  shrinking  shells  beneath  the  nO'Btrain  layer  will  tend  to 
draw  to  and  within  themselyes  the  water  squeezed  out  of  the  crushed 
shells  above  the  no-strain  layer,  and  this  would  be  particularly 
marked  at  ike  zone  of  no-n/ratn,  and  just  below  it  where  we  baie 
seen  the  outermost  limits  of  the  fissure  injected  with  igneous  matter 
reaches.  In  other  words,  we  have  highly  heated  magma  in  contact 
with  the  aquiferous  strata,  the  conditions  required  in  the  memoin 
referred  to  to  explain  the  whole  of  the  remaining  or  superficial  eruptive 
phenomena.  The  compression  of  the  shells  above  the  nO'Strain  zone 
will  tend  to  prevent  the  progress  of  the  magma  in  the  upper  part 
of  the  iissure  towards  the  surface  as  it  increases  in  tension  by  the 
gradual  absorption  of  water  from  the  surrounding  rocks.  This  re- 
sistance is  at  first  slight,  because  the  lowermost  shells  near  the 
nO'Strain  zone  are  interested  where  the  compression  or  crushing  is  at 
its  minimum,  as,  however,  the  magma  gradually  bursts  its  way  by 
prolonging  the  fissure  further  and  further  towards  the  surface,  the 
increased  resistance  is  counterbalanced  by  the  increased  supply  of 
water  and  consequent  solution  thereof,  so  that  the  tension  of  the 
magma  may  rise  more  rapidly,  and  also  by  the  crushing  and  com- 
pression being  resolved  into  crumpling  and  shearing  at  the  free 
surface  of  the  earth. 

I  do  not  for  one  moment  suppose  that  every  fissure  that  fonns 
becomes  eventually  a  chain  of  volcanoes  for  conduction,  convection, 
etc.,  balanced  against  initial  temperature  of  magma,  and  many 
other  circumstances  may  be  such  as  to  bring  about  solidification. 

This  constant  compression  of  the  terrestrial  nucleus  would  have 
the  effect  on  the  one  hand  to  tend  to  its  solidification.  Even  were  the 
whole  of  the  earth's  interior  solid,  the  moment  the  tearing  asunder 
took  place  in  the  lowermost  shells  underlying  cooling  and  con- 
traction, the  relief  of  pressure  on  the  nucleus  in  the  neighbourhood 
of  the  newly-formed  fissure  would  no  doubt  be  sufficient  to  allow 
the  solid  to  pass  into  a  fluid  state.  Individually,  I  cannot  persuade 
myself  that  even  if  the  uncooling  nucleus  of  the  earth  is  not  fluid, 
or  its  outer  surface  fluid,  yet  there  must  be  large  intratelluric  refier* 
voirs  of  fluid  rock.  One  of  the  principal  reasons  of  this  is  that 
over  large  areas  we  find  some  dominant  chemical  character  of  the 
essential  volcanic  products,  the  only  sure  guide  to  a  common  origin 
of  igneous  rocks.  No  more  striking  example  could  be  cited  than 
Italy,  where  potash  is  practically  always  the  dominant  alkali  in  all 
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the  volcanoes  of  that  country,  the  presence  of  which  is  difficult  of 
explanation  in  any  other  way  than  as  an  original  constituent  of  the 
primitive  ma^ma.  Silica,  lime,  magnesia,  iron,  alumina,  and  even 
soda,  might  be  explained  when  abundant,  as  being  taken  up  from 
the  rocks  traversed,  but  this  is  not  the  case  with  potash. 

Lastly,  this  theory  will  explain  that  constant,  continuous,  though 
small  supply  of  magma  that  is  necessary  for  the  never-ending 
ejections  of  Stroraboli,  or  the  dribbling  of  lava  that  goes  on  almost 
nnintermptefUy  at  Vesuvius. 

At  any  rate,  it  seems  that  we  have  in  this  theory  a  more  satisfac- 
tory explanation  of  terrestrial  phenomena  acceptable  alike  to  the 
tectonic  geologist  as  to  the  vulcanologist. 


III. — Notice  of  New  and  little  known  Fish  Behatns  from  the 
Blackband  Ironstone  of  Borough  Lee,  near  Edinburgh. 

No.  VL 

By  Dr.  R.  H.  Traquair,  P.R.S.,  P.G.S. 

CtenoduB  inter rupius,  Barkas. 

C  tnodua  inUrruptus,  T.  P.  Barkas,  Scientific  Opinion,  vol.  ii.  1869. 

,,  „  A.  S.  "Woodward,  Ann.  Rep.  Yorks.  Phil.  Soc.  1889,  pi.  i.  f.  2. 

THIS  interesting  species  has  hitherto  been  known  only  by  the 
single  type-specimen,  a  mandibular  tooth,  contained  in  the  York 
Museum,  originally  described  by  Mr.  T.  P.  Barkas,  and  recently 
▼ery  correctly  redescribed  as  well  as  figured  by  Mr.  A.  Smith  Wood- 
ward. It  80  happens  that  some  years  ago  a  considerable  number  of 
these  teeth,  both  mandibular  and  palatal,  occurred  in  the  Borough  Lee 
ironstone  :  my  own  collection  contains  no  less  than  forty  specimens, 
and  there  are  many  others  in  the  Museum  of  Science  and  Art,  so 
that  I  may  now  add  considerably  to  the  knowledge  of  the  species. 

Mr.  Woodward  finishes  his  description  as  follows: — "As  remarked 
by  Mr.  Barkas,  the  tooth  thus  described  is  distinguished  from  the 
teeth  of  the  most  nearly  allied  species,  C.  cristatus,  by  the  compara- 
tive smoothness  of  the  inner  moiety  of  each  ridge,  and  by  the 
distinct  separation  of  the  much  comprensed  denticles."  But  the 
York  specimen  is  only  one  of  a  very  variable  series  of  forms,  and, 
of  the  characters  here  given,  only  one  is  constant,  namely,  the  com- 
pression of  the  denticles  in  a  direction  at  right  angles  to  that  of  the 
ridges.  Sometimes  this  character  is  only  very  distinctly  marked  at 
the  outer  margin  of  the  tooth-plate,  or  on  its  posterior  two-thirds, 
but  it  is  nevertheless  seen  with  absolute  oonstancy  in  all  specimens 
in  which  the  denticulation  is  not  entirely  removed  by  abrasion,  as  is 
sometimes  the  case.  The  "comparative  smoothness  of  the  inner 
moiety  of  each  ridge,"  though  a  frequent,  cannot  be  said  to  be  a 
constant  character,  as  I  have  specimens  both  mandibular  and  palatal 
in  which  the  ridges  are  denticulated  up  to  their  origins,  while  on 
the  other  hand  the  ridges  may  be  almost  entirely  smooth  until  close 
to  the  outer  margin  of  the  tooth.  It  is  clear  that  this  condition, 
instead  of  being  specific,  is  entirely  dependent  on  the  amount  of 
abrasion  to  which  the  tooth  has  been  subjected  in  performing  Its 
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maBticatory  fuuctions ;  for  as  a  general  rule  it  is  leas  marked  in  the 
smaller  than  in  the  larger  Bpedmens.  And  also,  as  a  mle,  the 
palatal  teeth  seem  to  have  suffered  more  from  this  tear  and  wear 
than  the  mandibular  ones. 

Ctenodus  interruptus  is  still  more  Tariable  in  its  form  than  Ct 
ert status ;  in  fact  hardly  two  of  the  numerons  specimens  which  I 
have  seen  can  be  said  to  be  alike.  Some  are  proportionally  longer, 
others  broader  in  their  shape ;  in  some  the  ridges  are  more  trans- 
verse, in  others  more  radiating  in  their  direction,  and,  as  above 
noticed,  the  extent  to  which  the  ridges  are  tubercnlated  displays 
a  wide  range  of  variation.  The  number  of  ridges  on  the  type- 
specimen  is  fourteen,  two  being  intercalated  at  the  mai^n;  but 
the  usual  number  upon  the  mandibular  tooth  is  eleven  or  twelve, 
though  in  one  case  they  are  reduced  to  nine.  Bifurcation  or  inter- 
calation of  the  ridges  is  also  common  in  mandibular  teeth,  and  indeed 
at  the  posterior  extremity  of  the  tooth-plate  they  often  appear  alto- 
gether broken  up  into  groups  of  tubercles.  In  the  palatal  teeth  the 
ridges  are  usually  more  regular,  and  their  number  varies  from  twelve 
to  fifteen.  A  portion  of  the  hinder  part  of  the  cranial  roof  shows 
that  the  median  occipital  plate  was  pointed  in  front,  as  in  CienodKB 
crtBiaiuB, 

Although  it  is  not  difficult  to  tell  a  specimen  of  C.  inierruptu$  from 
one  of  C.  cristatus  by  the  general  appearance,  and  indeed  at  the  first 
glance,  it  is  nevertheless  by  no  means  easy  to  put  into  words  a  set 
of  characters  which  shall  absolutely  separate  the  two  from  each 
other.  The  only  absolutely  constant  feature  of  C,  interruptua  is  the 
compression  of  the  denticles  in  a  direction  at  right  angles  to  the 
ridges ;  but  I  have  before  me  now  a  mandibular  tooth  of  C.  cristatus 
from  Newsham  which  does  also  to  a  slight  extent  exhibit  that 
character  as  well  as  the  comparative  smoothness  of  the  inner  moiety 
of  the  ridges.  And  it  must  also  be  pointed  out  that  the  "  type  " 
specimen  is  not  very  typical  in  its  shape,  as  the  majority  of  specimens 
have  a  considerably  greater  resemblance  to  C,  cristatus.  I  have 
therefore  been  for  years  in  a  state  of  doubt  as  to  whether  C.  inter- 
ruptus  should  be  retained  as  distinct,  but  the  absolute  constancy  of 
the  peculiar  compression  of  the  outermost  denticles  in  all  those 
Lower  Carboniferous  specimens  certainly  seems  to  be  a  justification 
for  calling  them  by  a  different  name  from  that  of  their  close  relatives 
in  the  Coal-measures. 

The  type-specimen  of  C.  interruptus  is  said  to  be  from  Gilmerton ; 
it  is  contained  at  all  events  in  a  piece  of  undoubted  Scotch  Lower 
Carboniferous  ironstone.  I  have,  however,  never  myself  met  with 
a  specimen  in  the  Gilmerton  ironstone,  though  that  of  Borough  Lee 
and  Loamhead  has  yielded  so  large  a  number.  It  occurs  also  in  the 
Carboniferous  Limestone  series  at  Kinghom,  Fifeshire;  in  the 
Calciferous  Sandstone  series  at  Pittenweem  in  the  same  county ; 
and  at  West  Calder,  Midlothian.  In  the  west  of  Scotland  it  has 
occurred  in  the  ironstone  of  Barkip,  Dairy  (Carboniferous  Limestone 
series),  specimens  from  that  locality  existing  in  the  collections  of 
Mr.  B.  Craig  Beith  and  Mr.  John  Smith. 
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Jffemtetenodus,  JaekeL 

In  a  recent  paper  ^  Dr.  Otto  Jaekel  has  proposed  to  institute  the 
genus  HemicUnoduB  for  C,  ohUquus  of  Atthey  and  a  species  from  the 
German  Trias.  This  new  genus  he  characterizes  by  the  small 
number  of  ridges  on  the  teeth,  as  compared  with  those  of  such  a  form 
as  Ctenodns  cristatus,  and  considers  it  to  be  intermediate  between 
CienoduB  and  Ceratodus,  in  fact  an  illustration  of  the  evolution  of 
the  one  genus  from  the  other.  Into  the  latter  aspect  of  the  question 
I  cannot  follow  Dr.  Jaekel,  as  I  consider  the  gap  between  Ctenodus 
and  Ceratodus,  in  spite  of  the  opinions  of  Prof.  Anton  Fritsch,  to 
be  far  too  wide  to  be  bridged  over  simply  by  a  comparison  of  shapes 
of  teeth.  The  consideration  as  to  whether  Ctenodus  obliquus  may 
not  be  adopted  as  the  type  of  a  new  genus  is,  however,  quite  another 
matter. 

In  briefly  describing  portions  of  cranial  shields  of  Ctenodns  from 
the  Northumbrian  Coal-field,  Messrs.  Hancock  and  Atthey*  drew 
attention  to  the  fact  that  in  the  species  ohliquvs  the  median  occipital 
plate  was  concave  in  front,  while  in  tuberctdatus  (=  cristatus)  it 
"projects,  and  has  a  wedge-shaped  process  in  the  centre."  And  an 
undoubted  skull  of  Ct.  crista tus^  belonging  to  Mr.  Ward,  F.G.S.,  of 
Longton,  and  figured  in  outline  by  Prof.  A.  Fritsch,  shows  that  in 
point  of  fact  the  median  occipital  plate  was  pointed  in  front,  and 
related  to  the  neighbouring  plates  as  in  Dipterus,  the  anterior  pair  of 
the  three  pairs  of  plates,  which  border  it  on  each  side  meeting  in 
the  middle  line  in  front  of  it.  A  different  arrangement  is,  however, 
shown  in  the  skulls  figured  by  Mr.  T.  P.  Barkas'  and  Prof.  Miall,* 
in  which  the  median  occipital  has  the  anterior  concavity  as  in  the 
specimens  attributed  to  obliquus  by  Hancock  and  Atthey,  and  to 
this  concavity  articulates  a  second  median  plate  of  considerable  size, 
which  entirely  separates  the  anterior  pair  of  lateral  bones  from  each 
other,  lliat  the  skulls  showing  this  arrangement  belong  to  a  group 
typified  by  C,  obliquus  there  can  be  no  doubt,  any  more  than  that 
the  other  pattern  is  characteristic  of  cristatus  and  such  allied  forms 
^interruptus.  The  question  conies  to  be, — Is  this  distinction  generic  ? 
I  think  so  myself,  though,  as  in  other  cases,  it  may  not  seem  so  to 
other  minds  differently  constituted. 

Hemictenodus  quinquecostatus,  Traquair. 

Ctenodus  ohliquut^  var.  guingueecatafus^  Traquair,  Geol.  Mao.  Dec.  II.  Vol.  X. 

December,  1883. 

Owing  to  the  general  resemblance  which  the  teeth  of  this  species 
bear  to  those  of  C.  obliquus  I  originally  described  it  as  only  a  variety 
of  that  form,  but  the  constancy  of  the  smaller  number  of  ridges 
induces  me  to  elevate  it  to  the  rank  of  a  species.  In  U,  obliquus 
the  usual  number  is  six  to  eight ;  here  the  regular  number  is  five, 
with  only  rarely  a  rudimentary  sixth  one. 

llie   top  of  the  skull  shows  the  same  general  arrangement  of 

>  Sitzungsb.  der  Gesellsch.  naturforscbender  Freunde  in  Berlin,  1890. 

*  Ann.  and  Mag.  Nat.  Hist.  (4)  vii.  1871,  p.  193. 

*  Manual  of  Coal-measure  Palaeontology.  ^  On  some  bones  of  Cienodut. 
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plates  as  in  H.  ohliquus,  though  the  median  occipital  plate  seems 
proportionally  rather  larger  and  hroader,  and  the  second  median 
plate  in  front  of  it  rather  smaller.  Many  specimens  have  occarred 
showing  the  body  of  the  fish,  but  unfortunately  usually  in  a  rather 
jumbled  condition;  a  comparison  of  those  specimens,  howeyer, 
pretty  plainly  shows  that  the  general  shape  was  like  that  of 
Ceratodusy  as  I  long  ago  pointed  out  was  the  case  in  Cienodui 
(^=  Campy fopleuran^),  namely,  that  the  tail  was  protocercal,  and  a 
long  continuous  dorso-caudal  fin  present. 

Uronemus  splendens,  Traquair. 

Oanopristodus  tplendens,  Traquair,  Gbol.  Mao.  Dec.  II.  Vol.  VIII.  Jan.  1881, 

p.  37 ;  and  Vol.  IX.  Dec.  1882,  p.  643. 

I  have  previously  alluded  to  the  resemblance  in  the  teeth  and  in 
the  shape  of  the  body  which  this  species  bears  to  the  little  Uronemui 
lohatus  of  the  Burdiehouse  Limestone ;  resemblances  which  have 
impressed  me  so  much  of  late  that  I  have  resolved,  in  the  mean- 
while at  least,  to  give  up  Oanopristodus  and  add  the  species  to 
Uronemus.  Here  I  may  also  state  that  I  have  ^ears  ago  abandoned 
Uronemus  magnns  from  the  Airdrie  Blackband  Ironstone,  as  I  believe 
the  fossil  to  which  I  gave  that  name '  to  be  a  fragment  either  of 
Ctenodus  or  Hemictenodus, 

Uronemus,  if  the  species  splendens  be  adopted  as  an  exponent  of 
its  structure,  is  a  genus  of  great  interest,  as  it  shows  us  a  fish  which 
we  may  safely  put  among  the  Dipnoi,  but  whose  dentition  does 
not  take  the  form  of  Ctenodont  or  Ceratodont  plates.  Nevertheless 
the  teeth  of  Uronemus  closely  resemble  in  general  appearance  the 
denticles  on  the  coronal  ridges  of  Dipterus,  and  of  young  specimens 
of  Bemictenodus  obliquus. 

Since  my  last  notice  of  this  species  was  written  I  have  obtained 
several  specimens  of  the  cranial  roof,  from  which  it  turns  out  that  the 
constituent  plates  were  arranged  much  as  in  Dipterus  and  Ctenodus 
cristatus.  The  median  occipital  is  in  contact  with  three  lateral 
pairs  of  plates,  the  anterior  pair  meeting  in  the  middle  line  in  front, 
and  there  is  another  very  small  median  plate  in  front  of  this  pair, 
but  separated  from  the  median  occipital  by  a  considerable  interval 


IV. — Note  on  the  Airolo-Souists  Controveksy. 

By  the  Rev.  A.  Irving,  D.Sc.  (Lond.),  F.G.S. ; 
of  Wellington  College,  Berks. 

PROM  one  cause  and  another  efficient  education  in  modem 
languages  has  been  exceptional  in  this  country  until  quite 
recent  years ;  and  so  it  is  no  reproach  to  the  geologist  for  him  to 
have  to  confess  that  he  **  can't  read  German."  He  must  therefore 
get  some  friend  to  translate  for  him,  or  wait  until  translations  of 
many  important  papers  and  books  are  published  ;  and  in  many  cases 
this  never  happens.  So  it  is  thought  that  towards  the  present  con- 
troversy, which  has  been  raised  about  the  schists,  etc.,  of  the  Val 
Bedretto  and  the  adjoining  districts,  the  mental  attitude  of  many 
^  Nature,  1878.  >  Gbol.  Mao.  Dec.  II.  Vol.  I.  1874,  p.  555. 
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geological  students  may  be  pretty  much  that  of  the  Bayarian 
veteran.^  It  is  with  the  hope  of  throwing  a  little  light  on  the 
subject  that  the  present  writer  has  put  pen  to  paper.  For  it  is  not 
too  much  to  say  that  the  subject  is  one  of  critical  importance. 

The  appearance  of  Dr.  Heim's  great  work'  on  the  Tddi-Wind- 
gallen  Oroup  of  the  Central  Alps  marked  almost  a  new  departure  in 
the  investigation  of  the  forces  employed  by  nature  in  mountain- 
building.     In  some  of  his  theoretical  views  drawn  from  the  facts 
described  in  that  work  Heim  had  been  anticipated  by  Prof.  Suess  of 
Yienna,'  and  the  priority  is  generously  acknowledged.     The  work  is 
well  known ;  but  the  student  needs  to  be  warned  against  the  false 
inferences  on  some  points  which  he  will  probably  draw  from  the 
sectional  descriptions  in  the  Atlas,  if  he  omits  to  study  the  cor- 
responding portions  of  the  text  of  the  work.     If  anything  could 
exceed  our  admiration  for  this  splendid  contribution  to  physical 
geology,  it  might  be   that  which  we  all  felt  for  the  magnificent 
series  of  transverse  sections  of  the  Alps — the  work  of  Prof.  Heim 
and   his  pupils  at  ZUrich — exhibited  in   the  temporary   Museum 
of  the  International  Geological  Congress  at  Burlington  Gardens  in 
September,  1888.     In  his  recent  little  work  *  the  present  writer  has 
discussed  many  of  the  facts  furnished  by  Dr.  Heim  in  their  bearing 
upon  questions  connected  with  the  metamorphism  of  rocks.     In  his 
Essay  on  the  Crystalline  Schists,'  in  1888,  Heim  indicates  clearly 
the  extent  to  which  he  is  prepared  to  go  in  applying  the  principles 
of  *  dynamo-metaraorphism.'     He  expressly  warns  geologists  against 
rash  generalizations  in  the  direction  of  *'  regional  pressure-metamor- 
phism,''  from  the  exceptional  and  abnormal  structural  facies  pre- 
sented by  those  Alpine  masses,  which  he  knows  most  intimately,  and 
has  described  in   such  a  masterly  way  in  his  great  work.     It  is 
unnecessary  to  occupy  space  here  with  quotations,  since  a  translation 
of  Dr.  Heim's  essay  has  been  published.® 

Dr.  Heim's  letter,  a  translation  of  which  was  read  by  Dr.  Geikie 
at  the  meeting  of  the  Geological  Society  on  the  22nd  of  January, 
1890,  seemed  to  contain  little  but  what  those  who  had  made  a  study 
of  his  great  work  were  familiar  with  before.  But  if  it  served  no 
other  purpose,  the  publication  of  that  letter  is  most  opportune  as 
a  reply  to  some  remarks  in  a  recent  Number  of  the  Geolooioal 
Magazine.^  J.  J.  H.  T.  may  learn  from  it  that,  by  the  Swiss  geologists 
at  least,  the  **  primitive  crust  of  the  earth  "  is  not  by  any  means 
regarded    as  a  "geological  Will  o*  the  wisp."     Dr.   Heim's  own 

*  "  It  was  the  English,*'  Kaspar  cried, 
**  Who  put  the  French  to  rout ; 
But  what  they  fought  each  other  for, 
I  could  not  well  make  out.*' 
'   JIntersuehungen  iiher  den  Mechaninmus  der  Otbirgabildung. 
'  Die  Entstehung  der  Alpen^  a  work  of  great  Talue  and  interest. 

*  Chemical  atid  Fhyaical  Studies  in  the  Metamorphism  of  Rocks  (London,  1889). 

^  See  Etudes  sur  Us  Schistes  CrystalliuSf  puhlished  hy  the  International  Geological 
Congress  (London,  1888). 

•  See  JSature^  toI.  xxxviii.  Sept.  27,  1888.  , 

'  Decade  III.  Vol.  VII.  (January,  1890),  p.  36.  Prof,  de  Lapparent's  Z'jEcorw 
Ttrrestre  (Bnissels,  1888)  is  worthy  of  consideration. 
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formcilation  of  his  ideas  on  this  subject  in  tbis  letter  shows  that  be 
has  seen  no  reason  to  depart  in  any  essential  matters  from  the 
diagnostic  contrast,  which  he  drew  some  twelve  years  ago,  between 
the  rocks  of  the  Central  Masaif  (viewed  as  a  great  crystalline  com- 
plex) and  the  rocks  of  the  flanking  ranges  of  the  Alpine  Chain.' 
Yon  Haner  (as  representing  the  Austrian  geologists)  and  Credner 
(as  representing  those  of  Germany)  may  be  cited  in  favoar  of  the 
same  view.  So  that  one  is  at  a  loss  to  understand  what  people 
can  mean,  when  they  attempt  to  depreciate  the  results  of  the  micro- 
scopic and  field  work  of  such  a  worker  as  Prof.  Bonney  by  charging 
him  with  *'  holding  exceptional  views/' '  in  maintaining  the  existence 
of  a  great  Archsean  complex  with  an  individuality  (so  far  as  the 
broad  general  facies  are  concerned)  altogether  its  own,  in  contrast 
with  any  great  complexue  of  rocks  of  later  age.  Why  even  Heim  does 
not  venture  to  speak  of  the  Palaeozoic  rocks  of  the  Todi-Windgallen 
Group  (as  a  series)  as  anything  more  than  '  half-crystalline ' ; '  yet 
this  is  perhaps  the  most  powerfully  compressed  and  contorted  r^on 
of  the  whole  Alpine  system.  Eliminate  the  local  and  exceptional 
structural  features  which  are  met  with,  resulting  in  some  cases  from 
contact- metamorphism,  sometimes  from  excessive  pressure  and  shear- 
ing {e.g.  in  the  Todi-Windgallen  Group),  at  others  from  the  detrital 
material  derived  from  the  central  crystalline  massif  being  exception- 
ally siliceous  and  crystalline, — and  you  get  a  great  sedimentary 
series  flanking  the  whole  Alpine  Chain  quite  distinct  from  the 
Central  Massif.  This  seems  to  be  Prof.  Bonney's  view ;  and  tlys 
the  foremost  of  living  Swiss  geologists  has  declared  to  be  the  view 
still  held  by  him  and  his  confrirea  in  the  year  1890.*  And  so  the 
authors  of  this  flank-attack  upon  Dr.  Bonney's  work  seem  to  have 
impaled  themselves  upon  the  horns  of  a  pretty  dilemma  I  This  is 
certainly  rather  '  sensational '  for  them. 

Now  it  must  be  distinctly  borne  in  mind  that  Heim's  descriptions 
of  the  rocks  of  the  Central  Alps  are  almost  entirely  based  on 
macroscopic  examinations  and  field  observations ;  and  he  himself 
emphasizes  the  desirability  of  a  detailed  (durchgehend)  microscopie 
examination.^  This  it  is  which  forms  the  chief  strength  of  Frof 
Bonney's  position.  For  the  Swiss  geologists  are  rather  late  in  the 
field  with  tbis  branch  of  research;  and,  while  they  have  been  lagging 
behind,  other  cases  of  alleged  '^  reduction  of  rocks  of  later  date  to 
the  condition  of  crystalline  schists,"*  have  been  exposed  and 
condemned  on  a  closer  examination  .with  the  microscope.^ 

The  late  Prof.  R.  D.  Irving  ®  defined  a  typical  crystalline  schist 
as  '*  a  rock  of  completely  crystalline  interlocked  texture,  which  is 

1  Op.  cit.  Bd.  ii.  p.  40.     See  also  Chein,  and  Physical  Studies,  pp.  89, 124. 
«  Q.J.G.S.  February,  1889,  p.  109.  ,      »  Op.  cit.  Bd.  i.  pp.  41-62. 

*  From  a  conversation  ifvhich  the  present  writer  had  with  Dr.  Heim  over  his 
sections  in  September,  1888,  it  has  seemed  all  the  way  through  this  controversy  that 
the  real  difference  between  Heim  and  Bonney  has  been  much  exaggerated. 

•  Op.  cit.  Bd.  i.  p.  43.  «  Q.J.G.S.  ioe.  cit. 

"^  See  {e.ff.) '  A  supposed  case  of  metamorphism  of  an  Alpine  rock  of  Carboniferous 
age,'  Gbol.  Mao.  Decade  II.  Vol.  X.  pp.  607-611. 
^  Etudes  sur  tes  Schistes  Crystallins,  p.  93. 
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possessed  of  a  schistose  parting  due  to  a  parallel  or  foliated  arrange- 
ment of  the  mineral  ingredients,  or  of  aggregations  of  those  in- 
gredients."    This  is  about  as  satisfactory  a  definition  as  has  yet 
been  given.   And  he  complains  ^  that  after  the  name  '  metamorphism ' 
was   applied   to  undoubted  masses  of  a  clastic  origin  which  had 
acquired  a  certain  amount  of  schistosity  (''a  vague  naming  of  an 
unexplained  process  rather  than  an  explanation'*),  it  was  loosely 
and  generally  carried  over  to  all  classes  of  crystalline  schists,  whether 
anything  was  known  about  their  original  condition  or  not.'     "  No 
serious  effort  was  made  to  trace  them  into  unquestionable  sedimenta- 
ries,  and  when  the  attempt  was  made  later  it  was  found  impossible 
to  do  BO."     When  then  we  begin  to  discuss  a  '  crystalline  schist,*  we 
are  treading  on  slippery  ground,  unless  we  agree  on  some  definition 
beforehand.     We  cannot  tolerate  the  construction  of  a  definition  to 
suit  the  exigencies  of  a  special  case ;  yet  it  is  not  too  much  to  say 
that  Mr.  Teall  was  caught  in  this  fallacy  in  the  discussion  of  Prof. 
Bonney's  paper,  at  the  Geological  Society,  on  22nd  January,  1890.' 
He  enumerated  certain  characters,   which  the  altered   Belemnite- 
bearing  rocks  of  the  Nufenen  Pass  exhibit  under  the  microscope; 
but  they  do  not  satisfy  the  requirements  of  such  a  definition  of  a 
crystalline  schist  as  has  been  quoted  above.     At  the  same  time  he 
frankly  admitted  that  he  had  found  on  examination  that ''  the  garnet- 
schists  are  quite  different  from  the  Belemnite-rock."     No  one  can 
therefore  doubt  that  Prof.  Bonuey  was  standing  on  very  firm  ground 
when  he  "gave  a  complete  contradiction  to  any  statement  that  these 
fossil-bearing  rocks  are  in  any  proper  sense  crystalline   schists,** 
and  asserted  that  the  similarity  between  these  and  certain  undoubted 
crystalline  schists  of  Val  Canaria  and  Val  Piora  was  only  superficial, 
as  "under  the  microscope  the  differences  were   at  once  visible,** 
the  two  series  of  rocks  having  a  totally  distinct  facies.     All  the 
details  of  the  evidence  on  which  these  statements  are  based  will 
appear  when  Dr.  Bonney's  paper  is  published.* 

If  we  may  judge  from  one  of  the  first  instalments  of  detailed 
work  in  microscopic  petrography  which  the  younger  school  of  Swiss 
geologists  have  produced,  we  have  certainly  in  the  recent  monograph 
of  Dr.  Grubenmann,  of  Frauenfeld,^  the  earnest  and  the  promise  of 
a  rich  harvest  in  microscopic  petrography  in  the  near  future.  There 
is  a  thoroughness  about  Grubenniann's  descriptive  work,  from  his 
oombining  the  threefold  method  of  field-observation,  microscopio 
examination,  and  chemical  analysis,  which  is  most  satisfactory.  The 
pity  is  that  we  cannot  say  as  much  for  the  logical  soundness  of  his 
conclusions,  and  their  bearing  upon  questions  of  general  theory. 

*  Op,  eit,  pp.  94,  95. 

*  At  a  previous  meeting  of  the  Society  the  present  writer  entered  his  protest 
against  this  assumption  (Q.J.6  S.,  August,  1889,  p.  603). 

'  See  **  Abstract  of  Proceedings  of  the  Geological  Society,"  No.  549. 

*  That  paper  haring  been  now  (May  19)  published,  this  is  found  to  be  so. 

'  **  Ueber  die  Oesteine  der  aedimentdren  Mulde  von  Airolo ^^^  by  Dr.  Ulrich 
Grubenmann  (Frauenfeld,  J.  Huber,  1888).  I  have  to  thank  Dr.  Heim  for  drawing 
my  attention  to  this,  and  Dr.  Grubenmann  for  his  prompt  courtesy  in  sending  me  a 
copy;  and  I  offer  beforehand  most  ample  apologies  to  the  latter,  if  anything va. \.\^S& 
paper  may  appear  to  him  at  all  discourteous  (etwas  unhoflich) . 
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Dr.  Gmbenmann  works  out  a  seotion  in  the  Val  Canaria  (a  gorge- 
like valley  cut  into  the  north  slope  of  the  Val  Bedretto  and  across 
the  main  strike  of  the  beds)  on  the  south  flank  of  the  great  Gott- 
hard  massif.  Of  this  the  following  may  be  taken  as  an  outline 
(the  numbers  denoting  the  ascending  orders  of  the  rocka  on  the 
mountain-flank) : — 

The  Val-Canaria  Section  (after  Grxtbenmann). 
7.  The  Uppermost  Zone  of  2-fi?tca  Schists :  containing  below  whitish 
and  green  mica- scales,  dark  green  bio  lite,  increasing  in  the  upper 
part  until  the  proportions  of  white  and  dark  mica  become  nearly  equal. 
From  this  point  the  section  passes  upwards  into  the  "amphibole-  and 
garnet-bearing  schists  of  the  southern  schist-  and  gneiss-zone  of  the 
Gotthard  massif."  In  addition  to  quartz  and  calcite,  microscopio 
examination  shows  them  to  be  tolerably  rich  in  small  black  mineral 
particles  (magnetite?),  along  with  pyrites, haematite,  and  (sparingly) 
rutile.  Tourmaline  and  zircon  occur  as  accessory  minerals 
(thickness  ?) 

6.  The  Upper  Zone  of  Gypsum^  Ravchtcackey  and  Dolomite :  exposed 
in  a  wild  gorge  difficult  of  access  (previously  described  by  von 
Fritsch),  but  furnishing,  in  the  insoluble  residues  after  prolonged 
treatment  with  acids,  margarite,  biotite,  quartz  (in  grains),  tour- 
malines, rutiles,  and  zircons  (thickness  ?) 

5.  The  Second  Zone  of  2-mica  Schists  {containing  disthene)  : 
comprising — 

(a.)  Dark-grey,  coarse,  stratified  calc- mica- schist  =r  4  metres. 
(6.)  Calcareous  and  ferruginous  quartzite  (thickness  ?) 
(c.)  A  2-mica  schist  (very  feebly  stratified),  of  grey  colour  and 
pearly  lustre,  apparently  niuch  slickensided  (as  of  a  '  shear-zone  *), 
containing,  besides  the  two  micas,  rutiles,  tourmalines,  quartz, 
calcite  (sometimes  as  a  pseudomorph  after  zoisite),  an  opaque 
black  mineral  (with  linionitic  covering  of  the  grains),  earthy 
clay  material  =  1^  metres. 

4.  The  Kalkglimmerschiefer^  {calc-mica- schist)  :  a  clear-grey  ai^l- 
laceous  schistose  limestone,  with  quartz  grains,  with  light  and  green 
mica-scales  on  the  foliation -planes  and  a  talcose  mineral  adhering  to 
the  quartz-grains,  interlaminated  with  feeble  layers  of  a  micaceous 
quartzite  (half- schistose,  half-granular),  and  of  strongly  ferruginous 
quartzite,  terminating  upwards  in  a  bed  of  marble  (1^  metres) 
=  300  metres. 

3.  Garnet-hearing  Schists  (ThnnglimmerscJiiefcr) :  interstratified 
with  quartzite,  and  falling  into  three  principal  groups : —  * 

(a.)  An  upper  group  of  dark  grey  schists  (4  metres). 
(6.)  A  grey   brown   granular  quartzite   with   included   mica, 

'opaque  Erzmassen,*  pyrite,  and  amorphous  limonite  (10 metres). 

(c.)  A  lower  group  of  brown  highly  lustrous  schists  (1  metre). 

The  schists  contain  garnets  (often  greatly  deformed  by  pressure), 

two   micas    (probably   margarite  and   biotite),   quartz  particles, 

tourmalines,  rutiles,  and  zoisite. 

^  '  Calcitglimmerschiefer  *  of  Kalkowsky,  EL  dtr  Lith,  p.  199. 
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2.  The  first  (lowest)  zone  of  2-niica  Schists :  grey-green  to  dark- 
green,  becoming  in  plaoes  taloose  and  chloritic,  very  lustrons,  con- 
taining, here  and  there,  in  addition  to  the  two  mioas,  lamellsd  of 
diflthene,  also  quartz-veins  accompanied  with  calcite  and  kyanite: 
the  single  bands  of  schist  not  generally  exceeding  5  cm.  (2  in.)  in 
thickness.  Tourmalines,  rutiles,  zircons,  zoisite,  and  magnetite  are 
met  with  in  these  schists.    (2  metres.) 

1.  The  lower  zone  of  gypsum,  rauchwackCf  and  dolomite:  in  the 
gypsum  occur  quartz,  pyrite,  mica,  talc,  tourmaline,  disthene,  and  a 
few  zircons ;  in  the  dolomite,  fragments  of  glassy  quartz  and  calcite. 

So  far  as  the  detailed  descriptive  work  of  Dr.  Orubenmann  goes, 
it  is  simply  admirable ;  it  is  in  the  interpretation  of  the  facts,  as 
pointing  in  the  direction  of  a  general  theory  of  '  dynamo-meta- 
morphism,'  that  we  feel  compelled  to  part  company  with  the  author, 
and  that  for  the  following  reasons : — 

(1.)  The  assumption  ^  that  these  rocks  all  belong  to  one  and  the 
same  complex  (Schichtenreihe)  seems  to  be  quite  arbitrary,  since  in 
such  a  highly  disturbed  and  deformed  district  as  this  '  their  present 
juxtaposition  may  be  (and  probably  is)  merely  accidental. 

(2.)  Although  the  garnet-bearing  schists  of  the  Yal  Canaria  have 
been  well  worked  out,  the  author,  in  identifying  them  with  the 
altered  rocks  (containing  Belemnites)  on  the  Nufenen  and  Gries 
Pass  to  the  west,  and  of  Fontana  to  the  east,  has  fallen  into  a 
fatal  error,  from  not  testing  the  spurious  knotty  structures  in  the 
limestones,  which  in  the  pre-microscopic  days  of  petrology  were 
described  as  garnets.  On  Prof.  Bonney's  closer  scrutiny  of  them 
this  identification  breaks  hopelessly  down.  These  knotty  structures 
are  found  to  belong  to  a  very  low  order  indeed  of  silicates,  and  are 
admittedly  not  garnets  at  all.  There  remains,  therefore,  no  evidence 
that  these  garnetiferous  *  schists  *  are  of  Jurassic  age.' 

(3.)  If  it  be  admitted  that  the  dolomites,  rauchwacke  and  gypsum 
are  of  Triassic  age,  this  tells  us  nothing  about  the  age  of  the  schists 
with  which  they  are  in  accidental  juxtaposition;  since  by  Dr. 
Grubenmann*s  own  showing  the  insoluble  residues  of  the  gypsum 
contain  minerals  furnished  by  the  weathering  of  the  schists.  What- 
ever therefore  the  age  of  the  schists,  they  must  be  certainly  much 
older  than  the  gypsum.  But  the  examination  of  the  district  by 
Dr.  Bonney  and  Mr.  Eccles  has  brought  to  light  even  more  cogent 
evidence  than  this;  for  they  find  that  the  dolomite  is  frequently 
brecciated,  and  that  the  included  fragments  are  derived  from  these 
very  schists  (with  their  characters  well  preserved),  which  are 
supposed  to  be  younger  than  they.  It  is  somewhat  strange  that 
such  evidence  has  been  overlooked,  or  ignored  by  Dr.  Grubenmann 
in  compiling  his  memoir. 

(4.)  In  the  assumption  that  certain  markings  in  the  calc-mica- 
schists  in  Yal  Piora,  observed  by  Escher  v.  d.  Linth  many  years  ago, 

»  Ibid.  p.  3. 

'  See  pablished  sectionfl  of  the  Gotthard  Tunnel  by  Dr.    Stapff;    Prestwich, 
Otology,  ToL  i  p.  304,  section  i. 
'  See  Grubenmann,  Ibid,  p.  17. 
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were  "indeterminable  (nnbestimmbare)  but  undoubted  (unzweifel- 
hafte)  organio  remains/' '  tbe  author  appears  to  have  been  leaning 
upon  the  *  broken  reed '  of  mere  macroscopic  observation.  This  also 
gives  way  on  a  closer  microsoopic  examination,  as  Prof.  Bonney  has 
not  much  difficulty  in  showing. 

(5.)  We  have  no  right  to  assume,  as  the  author  does,*  that  the 
calc-mica-schists  are  rocks  **  which  were  first  deposited  at  the  bottom 
of  the  sea  as  limestones  by  the  agency  of  organisms  (duroh  Vermit- 
telungvon  Organismen)."  The  present  writer  has  shown  elsewhere' 
that  such  assumptions  are  unnecessary  and  highly  improbable  for 
the  crystalline  marbles,  calc-schists,  and  the  quartzites  of  the  oldest 
series  of  rocks.  They  can  be  accounted  for  in  a  very  different  way. 
A  stratigraphical  difficulty  which  such  an  assumption  raises'  was 
pointed  out  by  Mr.  Eccles  in  the  discussion  of  Prof.  Bonney's  paper; 
a  difficulty  which  the  present  writer's  own  observations  in  the  Alps 
enable  him  thoroughly  to  appreciate. 

(6.)  The  inconstant  relation  of  the  dolomite,  etc.,  to  the  schists 
and  gneiss  of  that  region  of  the  Alps,  and  the  extremely  fresh  and 
unaltered  condition  of  the  dolomite  deprives  it  of  all  value  as 
evidence  of  the  age  of  the  schists  in  juxtaposition  with  which  it  is 
accidentally  found  in  the  Yal  Canaria  section. 

(7.)  In  face  of  the  evidence  now  to  hand,  it  is  impossible  to  recog- 
nize such  a  succession  as  is  implied  in  the  following  proposition :  *— 
**  It  is  scarcely  far  from  the  truth,  if  in  the  original  area  of  the 
sedimentary  trough  (Mulde),  tbe  anhydrite  and  gypsum  is  regarded 
as  the  deeper  or  older,  and  the  argillaceous  limestones  as  the  upper 
or  younger  portion." 

And  a  further  difficulty  arises  when  we  attempt  to  plot  out  the 
section  as  a  *  Doppelmulde '  or  double  infold  with  a  central  anticlinal,' 
since  there  is  no  apparent  symmetry  between  the  two  synclinals 
which  are  supposed  to  have  entrapped  the  two  dolomite  groups  of 
rocks.  Moreover,  the  occurrence  of  the  2-mica  schists  (zone  7  of 
Dr.  Grubenmann's  section)  outside  the  supposed  Doppelmulde  is 
strong  evidence  against  the  younger  age  of  the  same  schists  as  they 
occur  in  zones  2  and  5. 

(8,  lastly.)  The  suggestion*  that,  "in  those  zones  where  the 
dolomites  and  argillaceous  limestones  are  mashed  into  one  another, 
the  molecules  in  contact  might,  under  enormous  pressure,  form 
margarite  and  meroxene  more  abundantly  and  produce  the  2-mica 
schists,"  is  seen  to  be  worthless,  from  the  fact  that,  while  the 
2-mica  schists  occur  three  ttn>es  in  the  section,  it  is  only  in  one 
instance  (zone  5)  that  they  occur  between  the  dolomite  and  the 
supposed  quondam  limestones.  And  the  further  suggestion  ^  that 
the  garnets  may  have  been  fabricated  by  the  combining  together 
(Zusammenscharung)  of  molecules  of  silicates  of  lime  and  alumina 
is  still  more  improbable.     Even  if  the  schists  could  be  shown  to  he 

1  Ibid.  p.  19.  »  Jbid.  pp.  24,  25. 
'  Chemical  and  Phytieal  Studiety  etc.,  pp.  7-13. 

*  GnibenmaiiD,  Ibid,  p.  25.  ^  Ibid,  p.  25. 

•  Ibid.  p.  26.  7  Ibid.  p.  26. 
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of  Mesozoio  age  (a  position  very  far  from  establiBbed),  a  much  more 
rational  account  oould  be  given  of  the  garnets,  etc.,  as  derived 
(allotliigenous)  minerals.^ 

The  case  seems  to  break  down  hopelessly,  and  with  it  this  last 
desperate  sally  of  the  upholders  of  the  extreme  orthodox  doctrine 
of  the  followers  of  Hutton  and  of  his  still  more  illustrious  exponent 
of  our  own  time.  Science  truly  hath  its  marvels ;  and  marvellous 
it  is  to  see  this  nineteenth  century  drawing  towards  its  close,  while 
distinguished  English  geologists  are  '  dealing  blows  in  the  air '  in 
defence  of  their  pet  doctrine  of  *  uniformitarianism,'  first  propounded 
by  a  most  worthy  and  illustrious  man,  who  lived  and  died  when 
modem  chemistry  was  as  yet  in  its  infancy,  when  spectrum  analysis 
as  applied  to  cosmical  physics  was  not  even  dreamt  of,  when  thermal 
chemistry  was  unknown,  and  men  like  Joule  had  not  done  their 
work  and  written  their  names  on  the  muster-roll  of  Fame. 

Supplementary  Note  (May  Ist). 
A  great  deal  has  been  made  of  late  in  some  quarters  of  the  facts 
described  by  Dr.  Lawson  (of  the  Canadian  Survey)  in  his  paper' 
published  by  the  International  Congress  of  London  in  1888.  It  has 
been  proclaimed  to  the  world  that  these  afford  evidence  of  an 
igneous  origin  (igneous  in  the  plutonic  sense)  of  the  Lauren tian 
gneisses.  And  yet,  strange  to  say,  they  do  not  perceive  that  this  is  (if 
not  an  utter  capitulation)  a  surrender  of  the  greater  half  of  the  field 
by  the  metamorphic  school.  They  are  recognized  in  fact  as  being 
crystallized  portions  of  the  original  magma,  which  was  once  sub- 
jacent to  the  earlier  and  thinner  crust  (the  schists).  I  do  not  mean 
to  say  that  this  is  admitted  in  so  many  words ;  but  substantially  it 
is  admitted.  I  saw  this  very  plainly  in  September,  1888.  I  com- 
municated my  ideas  to  Dr.  Lawson  in  conversation ;  and  in  a 
footnote  to  page  68  of  my  "Chemical  and  Physical  Studies,"  1889, 
I  gave  this  as  a  direct  deduction  from  the  principles  of  metataxis 
contended  for  in  that  work.  I  pointed  out  that,  "As  the  outer 
zone  of  the  lithosphere  solidified  through  the  dissipation  of  energy 
by  radiation,  the  tidal  movements  still  continuing,  huge  masses 
(even  *  regional '  masses)  of  the  solidified  outer  *  crust '  would  slide 
over  the  viscous  magma  beneath,  as  the  strain  produced  by  tidal  move- 
ments in  the  latter  caused  huge  fractures  here  and  there  in  the  crust 
As  the  magma  grew  more  and  more  viscous,  it  is  certain  that  under 
such  circumstances  huge  fragments  of  tlie  thin  crust  would  be  torn 
away,  imbedded  in  the  magma,  and  transferred  in  some  cases  to 
considerable  distances.  This  seems  to  be  the  most  natural  explana- 
tion of  the  striking  facts  observed  by  Lawson  in  the  Laurentian 
gneiss,  and  described  by  him  in  his  Essay." 

The  facts  referred  to  are  set  forth  in  much  fuller  detail  in  the 
Official  Report  since  published,  which  is  a  very  fine  piece  of  work, 
as  I  know,  from  the  copy  which  Dr.  Lawson  has  been  good  enough 
to  send  me.     Since  the  publication  of  that  Report,  Dr.  Lawson  has 

*  Se«  Chetnical  and  Fhynical  Studies,  etc.,  Appendix  II.  note  T. 
'  Vide  Etudes  tur  Us  Schists  Crystailins,  pp.  66-8S. 
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seen  his  way  to  the  adoption  of  what  is  sobstantially  the  explanation 
offered  by  myself.  In  a  paper  read  before  the  Greologioal  Society  of 
America'  (dated  March,  1890),  he  says,  in  speaking  of  the  Sigmfidaice 
of  the  Belationahip  [of  the  gneiss-series  and  the  schist-series]: 
— '*  Bearing  in  mind  the  essential  distinctions  which  exist  between 
the  rock- formations  of  the  Ontarian  *  and  Laurentian  systems,  both 
as  to  their  lithological  character  and  their  mode  of  occarrenoe,  and 
remembering  also  their  relative  geographical  distribution,'  the  rela- 
tionship which  obtains  between  the  two  systems  leads  clearly  and 
nnavoidably  to  this  conclusion,  viz.  that  the  formations  of  the 
Ontarian  system  at  one  time  rested,  as  a  volume  of  hard  rooks,  upon 
a  magma  which  subsequently  crystallized  as  the  Laurentian  granite- 
gneiss  ;  so  that  the  present  line  of  demarcation  between  the  two 
systems  must  be  regarded  as  representing  the  trace  of  what  was 
once  a  plane  of  contact  between  the  thin  crust  and  the  magma  upon 
which  it  floated. 

'*  Tliis  conclusion  affords  a  conception  of  the  Archaean  which  is 
ideal  in  its  simplicity,  and  which  gives  us  the  key  to  the  ravelling 
of  the  mystery  in  which  the  subject  has  been  involved.  The  fact 
that  the  crust,  which  constitutes  what  we  now  call  the  Ontarian, 
was  crumpled  while  it  floated  on  the  magma ;  the  fact  that  its  lower 
portions  were  shattered  by  disturbance,  so  that  the  magma  penetrated 
the  fissures  and  inclosed  detached  fragments ;  the  fact  that  there 
were  currents  in  the  magma  which  arranged  the  inclusions  in 
streams  and  so  produced  the  foliation  of  the  gneiss ;  the  fact  of 
contact-metamorphism ; — all  these  are  incidental  and  concomitant 
circumstances  of  the  great  essential  condition  of  a  crust  resting  on 
a  magma." 

[See  a  most  excellent  Review  of  Dr.  Andrew  C.  Lawson's 
Memoir  on  the  Geology  of  the  Rainy  Lake  Region  (being  Part  F, 
of  the  Anniial  Report  of  the  Geological  and  Natural  History  Survey 
of  Canada  for  1887),  in  the  Geological  Magazine  for  January* 
1890,  Decade  111.  Vol.  VII.  pp.  36-39.— Edit.  Geol.  Mag.] 

V. — Physiograpiiy  op  the  Lower  Tbias. 
By  T.  Mellard  Reade,  C.E.,  F.G.S. 

FREE  discussion  ie  a  valuable  aid  to  research  when  entered  upon 
in  a  proper  spirit.  I  am  glad  to  see  the  contribution  of  Mr. 
Jukes-Browne  to  this  subject,  together  with  the  letter  from  Prof. 
Bonney,  in  the  May  Number  of  the  Geologioal  Magazine. 

Having  put  forward  a  theory  of  the  origin  of  the  Lower  Trias, 
I  cannot  object  to  its  being  tested  in  every  way  ;  so  in  this  spirit  I 
will  proceed  to  answer  as  best  I  can  the  criticisms  which  it  has 
called  forth. 

It  appears  to  me  that  Mr.  Jukes-Browne  has  scarcely  grasped  the 

1  See  "  Bulletin  of  the  Geol.  Soc.  of  Am.*'  vol  i.  pp.  175-194. 

'  An  inclusive  term  now  proposed  for  the  Upper  Archaean  [«  Coutchiking  and 
Keewatin  series.] 

'  Lawson  estimates  the  Upper  Archsean  as  easily  9  miles  in  thicknetw ;  hut  they 
are  small  in  extent  comparea  with  the  gneiss  series. 
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aignifioanoe  of  the  examples  of  tidal  action  which  I  gave  in  my  last 
paper.*  The  quotation  there  given  respecting  the  "  remarkable 
ditch  "  scooped  out  by  the  tide  opposite  Wigtonshire  is  in  Captain 
Beechey's  own  words.  That  very  efficient  and  scientific  officer  had 
no  theory  to  uphold  ;  but  the  cause  and  effect  were  so  clear  to  him 
that  he  speaks  without  hesitation.  I  had  marked  years  ago  (1873) 
on  a  large  Admiralty  Chart  the  stream  tide  lines  taken  from  Captain 
Beechey's  survey,  and  this  "  remarkable  ditch  *'  is  in  exact  parallelism 
to  them.  There  is  also  another  striking  example  of  excavation  by 
the  tide  at  the  northern  entrance  to  the  Irish  Sea  confirmatory  of 
this  view.  Opposite  and  north  of  Rathlin  Island  there  is  a  "  deep  " 
in  which  the  greatest  sounding  is  133  fathoms  =  798  feet,  the  sur- 
rounding sea-lK>ttom  being  from  60  to  80  fathoms  only.  A  portion 
of  the  bottom  of  this  depression  at  a  depth  of  106  fathoms  or 
630  feet  is  rock,  while  the  surrounding  soundings  in  the  shallower 
water  are  sand  and  shells,  a  clear  proof  that  the  **  deep  "  has  been 
excavated. 

Hurd  "  deep  "  opposite  the  "  Casquets  "  in  the  English  Channel 
is  another  example  of  a  long  narrow  channel  where  at  a  depth  of 
73  fathoms  the  bottom  is  rock,  and  at  95  fathoms  sand  and  stones, 
the  surrounding  bottom  being  from  30  to  40  fathoms  only.  The 
form  of  the  bottom  of  the  sea  below  the  depth  at  which  wind,  waves 
act  is  the  resultant  of  the  rub  of  the  tide  on  the  bottoi^  at  one  place 
and  deposition  of  the  eroded  material  at  another. 

According  to  a  letter  received  by  me  from  Sir  G.  B.  Airy,  the 
Astronomer  Royal  in  1873,  the  difference  between  the  surface  and 
bottom  velocities  is  the  measure  of  the  work  done  by  the  tide  on  the 
bottom. 

I  think  I  may  be  excused  repeating  these  facts  and  principles,  as 
I  regret  to  say  that  the  subject  has  hitherto  received  little  attention 
from  geologists. 

Mr.  Arthur  R.  Hunt  (Geol.  Mag.  April,  1890,  pp.  191-2)  goes  so 
far  as  to  assert  that  the  tides  in  the  English  Channel,  taking  it  as 
a  test  case,  have  no  effect  on  the  bottom  at  all,  *^  that  they  are  in- 
capable by  their  own  unassisted  efforts  of  raising  the  sand,"  and  if 
I  understood  him  aright,  bases  hjs  opinion  upon  the  existence  of 
molluscs  in  the  channel  which  could  not  live  did  the  tides  in  any 
way  disturb  the  sands  I  Curiously  enough,  I  read  in  Nature  (April 
19th,  p.  569)  shortly  afterwards  that  Major  Reinhold,  in  a  paper  on 
the  botanical  condition  of  the  German  Ocean  read  at  a  meeting 
of  the  Natural  Histoiy  Society  of  Kiel,  states  that,  according  to 
researches  recently  made,  the  Eastern  part  is  almost  wholly  bare  of 
vegetation.  "  This  is  believed  to  be  owing  to  the  strong  tidal 
currents  which  so  disturb  the  sea  bottom  as  to  prevent  the  germs 
and  spores  of  marine  plants  from  settling." 

The  Admiralty  Chart  of  the  English  Channel  shows  a  bottom  in 
many  places  composed  of  stones  or  gravel,  or  sand,  stones  and 
gravel,  at  depths  below  the  influence  of  wind  waves ;  so,  if  we  accept 

^  Geol.  Mao.  April,  1890. 
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TVis^  BTX  ft  Mtermiat.  I  hiiqpipeB  to  1W«  on  s 
<y>mbtB«d  Mtioii  of  the  wind  amd  ddes  aie  eostaailH'  ^J^MfV^ 
the  Mad  btt&ks  aikd  the  chMiaelt  and  tiie  aaadj  Aat^  mmd  i\u  will 
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acofiD  aad  caat  on  the  ahoce ;  jet  §■  iirimt  n  ■■in  to  keep  op  the 
^breed"  lo  to  le j. 

If  molloaca  can  li^e  mder  these  eoodmona  in  ^e  Eaftonij  of  the 
Men^j,  wbj  not  in  the  Engliah  Channel?  I  mnj  be  theref<Me 
exc&aed  for  thinking  thai  their  exialenoe  in  the  Engliah  Channel 
proTea  nothing  reapecting  the  tidea  either  one  wmj  or  the  olhcr.^ 

In  the  Meraej,  between  LiTerpool  and  Birkenhead,  we  ha^e  a 
atriking  inivtance  of  the  excaTating  power  of  the  tide.  At  one  point 
OTer  the  M emej  TonneL  aa  proTed  bj  diTera,  the  rock  waa  here,  with 
great  bonldera  Ijing  opon  it  derired  tern  the  deatmction  ot  the 
Bool/ler-claj.  It  woold  be  wearisome  for  me  to  go  on  moltiplying 
theae  inatancea ;  auffice  it  to  say  that  the  form  of  the  Meraej  bottom 
ia  eridentlj  doe  to  tidal  rub. 

I  Lave  tfaoogbt  it  neceaaarj  to  detail  these  inatancea  of  the  effects 
of  ti'ial  action,  aa,  if  the  tidea  are  phjaically  incapable  of  prodociDg 
the  effect  I  atiribote  to  them,  viz.  the  current  bedding  of  aandatoots 
and  the  rolling  of  pebblea  as  seen  in  oor  typical  Bmiter,  my  theory 
is  invalid. 

As  regards  Prof.  Bonnej*s  criticism,  from  the  known  attention  be 
has  given  to  this  subject  his  views  no  doubt  deserve  the  greatest 
rx^nsideration.  I  am,  however,  compelled  to  say  that  I  fail  to  see 
why  the  Lancashire  Bunter,  which  is  of  great  thickness  (proved 
to  1200  feet;,  and  occupies  a  large  area,  should  be  looked  upon  as 
anonjalous,  and  our  attention  be  restricted  to  conglomerate  beds  of 
fiO  feet  in  thickness.  These  beds  occur  in  the  Midland  Counties, 
and  may  have  been  shore  deposits,  as  suggested  by  Mr.  Jukes- Browne. 
I  expressly  said  in  my  last  communication  that  my  theory  does  not 
exclude  Hliore  action.  How  can  there  have  been  seas  and  embay- 
ments  without  shores  ? 

There  are,  however,  no  evidences  of  littoral  deposit  in  any  of  the 
Bunter  of  Lancashire  and  Cheshire  that  I  have  seen;  and  this  it 
was  partly  the  province  of  my  theory  to  explain. 

It  seems,  however,  I  am  expected  to  sketch  out  the  physical 
geography  of  the  Triassic  period,  and  localize  the  communications  of 
the  Triossio  Sea  with  the  Atlantic  Ocean.     Surely  this  is  making  a 

^  Mr.  Hunt  aslu,  **  Would  Mr.  Mellard  Reade  give  his  reasons  for  belieTiog  that 
wiiv(<i«  over  cause  surface  particles  in  deep  water  to  move  in  a  yertical  circle,  or  an 
olIipMo,  not  very  different  from  one  baviu^  the  longer  axis  vertical  P"  If  ]dr.  Hunt 
will  watch  a  cork  floating  in  water  on  which  wind  waves  are  generated,  he  will,  I 
think,  iteo  that  the  vertical  oscillatory  movement  of  the  corK  is  as  great  as  or 
gri«iit«'r  than  the  horizontal.  The  composition  of  the  two  movements  will  give 
dither  a  circle  or  an  ellipse.  This  is  no  discovery  of  Mr.  Keade*8,  hut  a  fact  known 
to  every  physicist. 
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ooDsiderable  demand  upon  me,  and  in  the  slang  of  the  day  is  what 
18  called  "  a  big  order."  I  am  not  even  prepared  to  say  that  there 
was  then  an  Atlantic  Ocean  in  the  sense  that  we  understand  it  now. 

The  possibilities  of  the  physical  geography  of  the  period  are  so 
great  that  I  see  no  difficulty  in  the  origin  of  a  tidal  wave  in  an 
open  ocean,  and  its  propagation  through  the  embay m  en ts  or  channels 
in  which  I  suggest  the  British  Trias  was  laid  down.  Even  in  the 
North  of  Ireland,  in  the  neighbourhood  of  Carrickfergus  on  Belfast 
Lough,  the  Trias  is  estimated  at  2000  feet  thick.^  On  the  other 
hand,  on  Slieve-Qallion-Cam,  west  of  Lough  Neagh,  the  Eeuper  is 
found  at  an  altitude  of  1200  feet  above  the  level  of  the  sea.' 

How  can  we  in  view  of  such  facts  as  these  aver  that  the  English 
Trias  was  laid  down  in  a  basin  with  shallow  entrances  ?  On  the 
other  hand,  as  I  pointed  out  in  my  original  paper  read  before  the 
British  Association  (Gkol.  Mao.  December,  1889),  there  are  the 
possibilities  of  the  extension  of  the  Trias  to  the  eastward  under 
the  newer  rocks. 

We  are  dealing  only  with  remnants ;  we  have  not  materials  now 
to  reconstruct  the  physical  geography  of  the  past  with  any  degree 
of  accuracy ;  but  we  know  enough  of  the  manner  of  occurrence  and 
extension  of  the  Trias,  of  which  the  Bunter  is  one  phase,  to  make 
it  difficult,  for  me  at  all  events,  to  see  how  its  distribution  can  be 
explained  by  river  action. 

I  devoted  a  fortnight  last  summer  to  an  examination  of  the  Trias 
of  the  Vale  of  Clwyd.  At  none  of  the  sections  I  visited,  and  I  saw 
most,  could  I  detect  the  presence  of  local  materials  unless  it  were 
some  of  the  marly  material  binding  the  grains.  There  were  no 
pebbles,  either  qiiartzite  or  otherwise,  in  the  sandstones  which  are 
considered  to  be  Lower  Bunter,  but  much  persistent  current  bedding. 
This  crux  is  explained  by  tidal  action,  which  in  a  cul-de-sac  would 
have  less  force  than  in  the  channel  (now  occupied  by  the  peninsula 
of  Wirral)  between  the  mountains  of  Flintshire  and  the  Carboniferous 
hills  of  Lancashire,  forming  a  communication  between  the  Triassio 
area  covered  by  the  Irish  Sea  and  that  of  the  Midlands.  It  is  on 
these  stream  lines  that  the  greatest  development  of  the  pebbles  of 
the  Bunter  of  Lancashire  and  Cheshire  occur. 

Prof.  Bonney  naturally  lays  great  stress  upon  his  identification  of 
Borne  of  the  pebbles  of  the  Trias  with  those  of  the  Highland  rocks. 

While  giving  due  weight  to  his  opinion  on  this  point,  such  identi- 
fications can  scarcely  be  put  in  the  category  of  absolute  certainties. 

There  is  also  another  explanation  of  their  presence  volunteered  by 
Mr.  Jukes-Browne,  who  suggests  that  they  may  be  only  indirectly 
derivative  from  the  Western  Highlands  of  Scotland,  even  if  that 
were  their  original  home.  It  is  the  increase  in  the  number  of  and 
size  of  the  pebbles  towards  the  Midland  Counties  that  makes  it 
difficult  to  conceive  that  they  came  from  the  North. 

1  Einahan's  Manual  of  the  Geology  of  Ireland,  p.  138. 
»  Ibid.  p.  141. 
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VI. — NOTM  ON  THE  OoOUBBKKCX  OF  THE  TUHMT  {TbTNUUS  THTNNUS) 

IN  THE  Ceomeb  ''  Forest  Bed." 
By  E.  T.  NiirroN,  F.O.S.,  F.Z.S. 

irrB.  H.  Storms  has  recently  described  (Ball.  Soc.  Beige  OeoL 
ixl.  vol.  iii.  p.  163,  1889)  the  vertebrsB  of  a  large  Tunny  from  the 
Antwerp  Crag»  which  he  has  named  Thywnut  Sealdetii,  and  Mr.  A. 
Smith  Woodward,  in  the  April  number  of  the  Annals  and  Maga- 
zine of  Natural  History,  records  the  same  species  from  the  Coralline 
Crag  of  Suffolk ;  it  is  especially  interesting,  therefore,  to  be  able  at 
this  time  to  notice  the  occurrence  of  the  common  Tunny  (T.  thpinu$) 
in  the  Cromer  "  Forest  Bed," 

Early  in  the  present  year,  Mr.  A.  Sayin,  of  Cromer,  found  in  the 
''Forest  Bed"  of  East  Bunton  a  large  Teleostean  fish-vertebra, 
which  he  sent  to  me  for  identification,  and  which  agreed  so  closely 
in  all  its  characters  with  the  nineteenth  vertebra  of  the  large  Tunny 
in  the  Museum  of  the  Eoyal  College  of  Surgeons,  that  I  had  no 
hesitation  in  referring  it  to  the  same  species.  This  vertebra  has  lost 
all  its  processes,  but  the  centrum  now  measures  43  mm.  long,. 53  mm. 
wide,  and  45mm.  high;  it  is  deeply  biconcave  and  somewhat 
depressed ;  it  is  further  characterized  by  a  single  large  longitudinal 
bar  on  each  side,  which  thickens  anteriorly  and  posteriorly,  a 
roughened  space  towards  its  front  part  indicating  the  point  of 
attachment  of  the  rib.     Above  and  below  the  bar  is  a  deep  fossa. 

The  nineteenth  vertebra  of  the  Tunny  in  the  College  of  Surgeons 
measures  49*5 mm.  long,  and  60*5  mm.  wide,  a  proportion  of  length 
to  width  almost  exactly  that  of  the  Forest  Bed  specimen. 

It  was  intended  to  reserve  the  notice  of  this  species  for  a  forth- 
coming memoir  of  the  Geological  Survey,  but  the  publication  of  Mr. 
Smith  Woodward's  account  of  the  Coralline  Crag  T.  Scaldesienm 
seemed  a  fitting  opportunity  to  make  known  the  occurrence  of  the 
recent  species  in  the  uppermost  beds  of  the  English  Pliocene.  After 
a  re-examination  and  comparison  of  the  Forest  Bed  vertebra  with 
the  recent  form,  and  also  of  the  Antwerp  and  Coralline  Crag 
specimens,  I  am  quite  of  opinion  that  the  Crag  fossils  are  specifically 
distinct  from  the  living  Thynnus  thynnus,  but  am  con  filmed  in  my 
identification  of  the  "  Forest  Bed  "  vertebra  with  the  latter  species. 


VII. — Notes  on  the  Probable  Origin  op  Some  Slates. 

By  W.  Mayna&d  Hutchings. 

MR.  SORBY,  in  his  Address  as  President  of  the  Royal  Micro- 
scopical Society  in  1877,  dwelt  very  forcibly  on  the  interest 
and  value  attaching  to  researches  into  the  original  nature  of  the 
materials  composing  sedimentary  deposits,  and  stated  that,  so  far  as 
he  was  aware,  but  little  had  been  done  in  this  direction  by  means  of 
the  microscope  (Monthly  Microscop.  Journal,  vol.  xvii.). 

Since  Mr.  Sorby  delivered  that  address  much  has  been  done  in 
this  direction,  both  by  workers  in  this  country  and  on  the  Continent, 
and  more  especially  with  regard  to  slates  and  allied  rocks.     But 
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XDQcb  still  remains  to  be  done  before  we  are  able,  in  a  satisfactory 
manner,  to  read  in  the  slates,  shales,  sandstones,  etc.,  the  record  of 
their  origin  and  subsequent  development ;  and  so,  as  Mr.  Sorby  says, 
to  "as  it  were,  sometimes  trace  back  the  genealogy  of  our  globe  a 
generation  or  more  earlier  than  by  other  means." 

The  following  notes,  resulting  from  considerable  stndy  of  some 
of  the  materials  in  question,  have  only  a  limited  bearing  on  a  limited 
portion  of  this  very  wide  subject,  but  are  offered  in  the  hope  that 
they  may  not  be  wholly  wanting  in  value  as  a  contribution  towards 
explaining  somei  of  the  questions  involved. 

Daring  the  examination  of  a  series  of  sections  of  slates  (roofing- 
slates  and  closely  similar  material  from  Wales  and  Cornwall),  two  or 
three  special  points  of  interest  arose  which  led  me  to  wish  to  study  in 
detail  some  more  recent  deposits,  which  might  show  less  advanced 
stages  of  the  chemical  and  morphological  changes  which  have  taken 
place  in  the  original  sediments.  At  the  same  time  I  specially  wished 
to  have  deposits  as  to  which  one  could  be  quite  sure  that  they  were 
derived  from  the  waste  of  granite  areas.  Slaterials  answering  these 
requirements  are  to  hand  in  the  Carboniferous  formation,  and  espe- 
cially in  the  Coal-measures,  the  sandstones,  shales,  eta,  of  which 
are,  I  think,  usually  considered  to  have  been  derived  from  granites, 
and  this  has  certainly  been  the  case  with  some  of  them  that  I  have 
worked  upon. 

Some  of  the  observations  made  appear  to  have  sufficient  bearing 
on  the  eventual  development  of  certain  slates  to  warrant  a  rather 
detailed  account  of  them. 

1  will  select  for  description  the  materials  of  a  bed  exposed  in  the 
cliffs  near  the  village  of  Seaton,  a  few  miles  north  of  Newcastle-on- 
Tyne.  This  bed,  several  feet  thick,  is  composed  mainly  of  indurated 
clay  of  various  degrees  of  fineness.  The  finest  does  not  show  to  eye 
or  pocket-lens  a  flake  of  mica  or  a  grain  of  any  sort  of  sand,  and 
yields  when  ground  with  water  a  clay  of  the  highest  degree  of 
smoothness  and  plasticity.  Bands  of  this  alternate  with  others  in 
which  more  or  less  mica  is  seen  with  the  naked  eye,  and  which, 
while  still  fully  plastic  with  water,  contain  a  good  deal  of  gritty 
sand.  These  again  pass  into  still  coarser  layers,  while  here  and 
there  are  bands,  some  inches  thick,  of  fine-grained,  laminated,  soft 
micaceous  sandstone.  There  are  also,  at  places,  very  thin  bands  of 
clay-ironstone.  Lamination  is  not  so  well  marked  in  the  finest  clay 
as  in  the  coarser  and  harder  bands,  where  it  is  highly  developed ; 
such  bands  verging  in  nature  towards  soft  shales. 

The  greater  part  of  the  bed  in  question  is  really  a  more  or  less 
coarse-grained  "  fire-clay,"  similar  in  all  respects  to  the  fire-clays 
worked  on  a  large  scale  in  the  district,  differing  only  in  the  mode  of 
occurrence,  the  regular  beds,  with  the  seams  of  coal,  being  mostly 
more  or  less  unstratified  and  irregular. 

Above  the  bed  just  described  is  one  of  several  feet  of  micaceous 
sandstone,  followed  by  a  series  of  several  feet  of  clays,  soft  shales, 
and  sandstones,  with  a  very  thin  seam  of  coal ;  and  finally  a  con- 
aiderable  thickness  of  hard  compact  sandstone.     The  whole  has 
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undergone  some  oonsiderable  distarbanoe,  having  been  thrown  info 
folds,  while  at  several  points  the  claj  beds  are  faulted  and  puckered. 

Some  of  the  coarser,  harder,  more  micaceous  deposit  was  taken  out 
and  subjected  to  detailed  examination.  Sections  were  prepared  of 
it,  and  its  component  minerals  were  also  separated,  as  far  as  prac- 
ticable with  materials  of  this  nature,  by  levigation  and  by  use  of 
Sonstadt's  solution. 

It  is  of  the  greatest  importance  to  always,  whenever  possible, 
study  clays,  soft  shales,  etc.,  mounted  as  continuous  sections  as  well 
as  in  crushed  form  in  water  and  balsam.  It  is  only  by  so  doing 
that  the  relationship  ^f  the  various  constituents  to  each  other  can  be 
properly  observed.  Even  with  quite  soft  clays  it  is  practicable  to 
prepare  sections ;  or  perhaps  the  word  "  section  "  hardly  applies  in 
such  cases,  and  one  might  call  it  a  continuous  layer  or  film. 

The  material,  well  dried  but  of  course  never  so  heated  as  to  lose 
any  of  its  eomhined  water,  may  be  cut  into  pieces  of  suitable  size 
with  a  knife,  levelled  off  on  a  hard  rough  surface  (good  emery-cloth 
does  excellently),  brushed  clear  of  dust  and  smoothed,  without  water, 
on  a  ground-glass  plate ;  then  warmed  again  and  cemented  in  the 
usual  way  to  a  slide.  The  piece,  which  must  be  thick  for  the  fore- 
going operations,  is  now  cut  down  with  a  knife,  rubbed  down  pretty 
thin  on  emery-cloth  and  finished  by  very  careful  work,  with  water 
only,  on  a  glass  plate. 

Exceedingly  thin  films  may  be  got  in  this  way,  but  the  outer 
edges,  or  the  thinnest  margins  of  holes  that  may  have  been  worn 
here  and  there,  will  be  found  of  most  value  for  the  examination  of 
fine-grained  clays  under  high  powers. 

Sections  of  the  material  in  question  show  that  it  is  made  up 
mainly  of  mica,  both  muscovite  and  biotite,  with  grains  of  quartz 
and  felspar,  and  that  zircons  and  other  accessory  minerals  are  present 

A  quantity  was  crushed  to  powder  and  suspended  in  a  solution 
of  3  1  sp.g.  The  minerals  which  fell  out  were  zircons,  numerous 
and  of  rather  large  size,  garnets  in  angular  colourless  fragments, 
crystals  and  fragments  of  rutile  of  the  usual  sort  found  in  sands. 
Anatase  was  seen  as  one  or  two  small  pyramidal  crystals  of  bluish 
colour,  and  also  several  beautifully  perfect  thin  tabular  crystals,  pale 
yellow  to  colourless.  The  largest  observed  was  Tiv  inch  in  diameter, 
others  being  -^^  and  less.  They  are  perfectly  sharp  and  unworn 
in  any  way,  and  are  doubtless  formed  in  situ  in  the  deposit,  as  has 
been  demonstrated  of  similar  crystals  by  Thiirach  ("Ueber  das 
Vorkommen  mikroskopischer  Zircone  und  Titan-Mineralien  in  den 
Qesteinen,"  Wiirzburg,  1884).  There  is  also  a  good  deal  of  tour- 
maline in  crystals  and  angular  fragments,  and  one  or  two  grains  of 
sphene.  Further,  numerous  colourless,  transparent,  tabular  crystals 
of  rhombic  shape  were  observed.  The  long  diameters  of  the  largest 
crystals  measured  were  ^iTr  inch,  but  many  are  much  smaller.  The 
acute  angle  of  the  rhombs  is  78°.  An  obtuse  bisectrix  emerges  on 
the  face  of  the  tablets  and  the  bi-refi*action  is  positive.  These 
crystals  thus  correspond  in  all  respects  with  one  of  the  forms  of 
baryte  (I  think  known  as  the  **  chisel-shaped "  crystal),  and  taken 
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in  ooDJunotion  with  the  high  speoifio  gravity  they  may  be  aafely 
Bet  down  as  being  that  mineraL  Barium  sulphate  is  frequently 
found  as  a  deposit  in  colliery  waters,  and  doubtless  these  crystals 
were  formed  from  the  solutions  circulating  in  the  sediment 

The  quartz-grains  average  from  tWW  to  tAt  ii^oh  in  diameter ; 
they  are  in  all  respects  of  the  nature  of  granite-quartz  and  are  both 
angular  and  more  or  less  rounded.  Some  of  them  I  consider  are 
corroded,  but  I  confess  I  do  not  fiud  myself  able  to  make  quite  sure 
of  this,  though  Mr.  Sorby  says  that  chemically  corroded  quartz  is 
readily  distinguished  from  simply  worn  grains. 

The  numerous  felspar-grains  are  more  rounded  than  the  qnartz. 
Many  are  pretty  fresh ;  but  unless  cleavages  or  other  special  marks 
facilitate  recognition,  it  is  safer  not  to  set  down  anything  as 
felspar  which  does  not  distinguish  itself  from  quartz  by  its  optic 
figure  in  convergent  polarized  light  One  or  two  grains  of  plagio- 
clase  were  observed  giving  nearly  straight  extinctions, — presumably 
oligoclase,  and  one  or  two  grains  of  microcline. 

Mica,  both  muscovite  and  biotite,  is  abundant,  the  biotite  being 
in  excess  over  muscovite.  The  largest  flakes  measure  about  t^  i^ob 
in  longest  diameter;  thus  one  biotite  flake  measured  i-kir  by  fhr  inch, 
and  there  are  all  sizes  down  to  very  small  indeed.  The  muscovite 
is  in  all  the  distinct  separate  flakes  seen  in  the  sections,  or  isolated, 
in  all  ways  fresh  and  normal,  and  shows  no  inclosures  of  any  sort 
bejond  those  to  be  seen  in  granite,  i.e.  small  zircons,  etc. 

Of  the  biotite  the  greater  part  is  more  or  less  altered,  but  the 
still  fresh  flakes  show  it  to  be  optically  and  otherwise  a  quite  normal 
granitic  type. 

It  seems  thus  quite  clear  that  in  this  deposit  we  have  the  waste 
of  a  granite  with  two  micas,  and  I  am  not  able  to  detect  any  grains 
of  any  sort  to  give  rise  to  the  inference  that  other  rocks,  older  slates 
for  instance,  took  part  in  supplying  the  material. 

The  alteration  taking  place  in  the  biotite  is  of  much  interest  for 
reasons  already  alluded  to.  Contrary  to  what  would  be  expected, 
alteration  to  chlorite  does  not  take  place,  or  if  it  does,  it  is  only  to  a 
very  slight  extent  A  very  small  number  of  greenish  flakes  may 
be  observed,  but  they  are  not  chlorite.  Such  green  flakes  are  seen 
in  granites  and  other  rocks,  and  may  mark  an  early  stage  of  the 
alteration  of  biotite  to  chlorite,  though  I  believe  they  are  in  some 
cases  looked  upon  as  an  original  greenish  mica.  They  certainly  are 
not  chlorite  yet,  and  I  have  not  detected  any  of  that  substance  in 
these  deposits. 

The  alteration  which  has  taken  place  so  extensively  shows  itself 
in  a  bleaching  of  the  biotite  and  the  development  in  it,  in  large 
quantity,  of  a  substance  of  high  refraction  and  very  high  double- 
refraction.  It  appears  to  be  mainly  epidote,  which  mineral  is  well 
known  to  be  frequently  produced  during  the  alteration  of  biotite. 
It  forms  in  clusters  of  small  round  or  more  or  less  oval  granules,  in 
irregular  plates  and  flattened  grains,  and  sometimes  in  plates  of 
more  definite  outline,  among  which  a  few  may  be  found  as  large 
as  TsW  inch  in  diameter,  showing  the  form  sometimes  of  four-sided 
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rhombs  ;  sometimes  of  six-sided  figures  by  tbe  addition  of  two  very 
small  faces  trancating  the  acute  angles  of  the  rhombs.  These 
forms  correspond  with  the  clino-pinaooidal  section  of  epidote 
crystals,  with  which  also  the  extinctions  fully  agree.  Many  of 
these  aggregates  of  small  thin  plates,  all  parallel  to  the  cleavage 
of  the  mica,  often  more  or  less  overlapping  one  another,  present  a 
peculiar  characteristic  appearance  I  have  not  seen  in  epidote  under 
other  conditions. 

Thijrach  {op.  cit.)  mentions  a  mineral  as  occurring  among  tbe 
debris  of  several  of  the  rocks  so  exhaustively  examined  by  him, 
which  he  describes  as  **  small,  light-yellow,  feebly  pleochroio, 
strongly  bi-refractive  crystals  or  rounded  grains  of  rhombic  or 
hexagonal  form,  mostly  tabular  and  clear,  often  showing  cracks, 
with  a  perfect  cleavage  parallel  to  the  base."  He  quotes  Elemm  as 
having  looked  on  these  as  sphene ;  says  he  himself  also  considered 
them  to  be  that  mineral,  but  now  looks  on  them  as  "  potash- mica,'' 
though,  as  he  admits,  they  would  not  be  readily  recognized,  as  such. 
I  think  there  is  not  much  doubt  that  what  he  mentions  is  epidote 
in  the  thin  superposed  tablets,  resulting  from  biotite  as  just 
described. 

Here  and  there,  but  very  rarely,  a  few  crystals  of  rutile  are  seen 
in  the  altering  mica.  I  am  of  opiuion  that  rutile  in  granules  is  also 
formed  with  the  granular  epidote,  though  it  is  not  possible  to  make 
sure  of  it  I  have  seen  in  some  Cornish  and  other  altered  sedimentary 
rocks  just  such  clusters  of  rounded  grains  of  rutile,  with  short  aud 
comparatively  blunt  crystals  of  that  mineral  under  conditions 
which  lead  me  to  the  belief  that  under  the  influence  of  dynamio 
uietamorphism  the  rounded  grains  are  capable  of  taking  definite 
crystal  form. 

The  bleaching  which  accompanies  this  development  of  epidote  in 
the  biotite  is  attended  also  by  a  rapid  loss  of  the  optic  properties  of 
the  mineral, — its  strong  bi-refraction  and  its  figure  in  convergent 
polarized  light.  Much  of  it,  iu  large  flakes,  becomes  so  colourless  as 
easily  to  be  taken  for  muscovite  when  lying  flat,  till  tested  optically. 

The  substance  of  the  bleached  biotite  seems  to  waste  away  and  be 
entirely  removed  from  its  original  position.  Flakes  may  be  seen  in 
all  stages  of  this  removal,  getting  more  and  more  indistinct,  the 
clusters  of  grains  and  plates  of  epidote  remaining  until  finally  we 
see,  throughout  a  section,  many  of  such  clusters  without  any  of  the 
original  surrounding  mica. 

As  regards  the  structure  and  arrangement  of  this  soft  shale  as  a 
whole,  the  quartz  and  felspar  grains  are  pretty  uniformly  dispersed 
and  the  original  mica  lies  mostly  flat  in  the  plane  of  bedding  and 
lamination,  with,  however,  a  sufficiently  large  proportion  lying 
inclined,  to  justify  the  conclusion  that  the  deposit  took  place  in  very 
quiet  water  and  was  not  appreciably  levelled  and  sorted  by  currents. 
There  is  a  good  deal  of  fragmentary  organic  matter  present  through- 
out, and  a  good  deal  of  limonite,  diffused  and  in  patches,  which 
doubtless  to  some  extent  represents  a  part  of  the  iron  originally  in 
combination  in  the  biotite. 
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Tn  addition  to  the  grains  of  qaartz  and  felspar  and  the  more  pro- 
nounced flakes  of  muscovite  and  variously  altered  biotite,  as  above 
described,  the  sections  show  the  presence  of  another  sort  of  oom* 
ponent  which  lies  in  among  these  former,  and  in  some  parts  more  or 
less  surrounds  them,  after  the  manner  of  a  sort  of  ground-mass,  or 
'*  paste,"  so  to  speak.  It  contains  much  that  is  quite  indeterminable,— 
indistinct  granular  matter  with  specks  and  microlites  of  various 
sorts,  and  with  all  this  a  great  deal  of  a  fine,  micaceous,  dimly 
depolarizing  material.  In  among  this  may  be  seen  larger  flakes  of 
a  mica  which  dififers  distinctly,  in  many  ways,  from  any  of  the 
original  clastic  mineral. 

All  this  is  better  studied  in  sections  from  a  much  finer-grained 
portion  of  the  deposit,  intermediate  between  that  described  above 
and  the  finest  clay-bands.  In  such  sections  all  the  appearances 
above  noted  are  seen,  but  the  *'  paste  "  bears  a  much  larger  propor- 
tion to  the  other  constituents.  It  doubtless  represents  the  finest 
portion  of  the  original  deposit,  the  finest  mud  or  silt,  made  up  of 
"kaoline,"  the  minutest  powder  of  felspar  and  quartz,  and  the 
smallest  flakes  and  shreds  of  mica.  Throughout  this  "  paste"  (I  will 
use  the  word  here  for  convenience,  though  not  well  suited)  immense 
numbers  of  minute  rutile  crystals  are  seen,  the  larger  ones  transpa- 
rent, many  twinned,  vividly  depolarizing ;  the  smaller  ones  as  dark, 
hair-like  needles.  Also  a  good  many  very  thin  small  flakes  of 
micaceous  ilmenite,  transparent  with  the  characteristic  shade  of 
brown,  and  many  very  small  perfect  crystals  of  tourmaline. 

There  is  a  considerable  amount  of  the  mica  *  above  referred  to, 
evidently  secondary,  formed  tn  situ.  It  is  possible  to  trace  the  dis- 
tinctly clastic  mica,  more  especially  the  muscovite,  down  to  very 
minute  fragments  indeed  (correspondingly  small  biotite  is  not  seen, 
as  such  finely  divided  parts  are  soon  wholly  obliterated  by  altera- 
tion). Then  comes  a  point  where  it  is  often  not  possible  to  form 
any  judgment  as  to  whether  what  is  seen  is  original  or  secondary. 
But  there  is  much  where  no  such  doubt  is  called  for.  Flakes  of 
various  sizes,  but  all  small,  are  seen,  colourless  or  more  usually  pale 
greenish  or  yellowish.  The  larger  ones  blend  away  at  their  edges 
with  the  surrounding  fine  material  in  a  manner  which  none  of  the 
original  flakes  of  muscovite  of  similar  size  do,  and  they  are  all  more 
or  less  full  of  the  minute  rutile  crystals,  not  a  trace  of  which  occurs 
in  any  of  the  original  muscovite.  Here  and  there,  though  rarely, 
flakes  may  be  got  which  are  of  sufficient  size  and  thickness  to  test 
in  convergent  light.  The  optic  axial  angle  is  usually  approximately 
the  same  as  that  of  the  original  muscovite  present,  but  in  some  cases 
it  is  noticeably  less. 

This  newly-formed  mica  is  not  uniformly  diffused  as  to  its  larger 
flakes,  but  the  finer-grained  paste  in  which  it  lies,  and  of  which  it 

^  It  should  be  understood  that  by  the  use  of  the  word  mica  there  is  no  intention 
to  infer  that  anything  sufficiently  definite  is  ascertainable  about  the  substance  in 
question  to  enable  it  to  be  certainly  referred  to  any  recoenized  variety  of  mica.  The 
word  is  used  only  to  express  the  fact  that  the  observable  characters  of  the  mineral, 
including  such  of  its  optic  properties  as  can  be  ascertained,  bring  it  into  close 
resemblance  to  some  of  our  known  micas. 
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forms  a  part,  is  everywhere  seen  when  the  sections  are  thin  enough ; 
and  many  grains  of  quartz  and  felspar,  detached  from  the  mass  and 
separately  mounted,  retain  a  skin  or  coating  of  this  paste  with  its 
secondary  mica  and  the  small  rutiles,  the  impression  produced  heing 
that  the  surfaces  of  some  such  grains  are  really  attacked,  as  it  were, 
by  the  paste  and  beginning  to  blend  with  it,  not  simply  mechanically 
adhering. 

Turning  now  to  sections  of  the  most  fine-textnred  of  all  the 
bands,  the  smoothest  finest-grained  clay,  it  is  seen  that  the  still 
recognizable  original  minerals  play  a  comparatively  small  part,  the 
main  component  being  the  same  material  which  is  the  paste  in  the 
coarser-grained  beds.  Biotite  has  wholly  disappeared;  original 
muscovite  is  still  present  throughout,  though  nearly  all  very  small. 
But  little  epidote  is  seen  ;  all  the  various  indeterminable  matter  as 
before,  with  an  increase  in  the  amount  of  indistinct  granular  matter 
usually  spoken  of  as  kaoline.  The  entire  mass  is  crammed  with 
small  rutile  crystals  and  microlites,  and  shows  all  over  it  more  or 
less  of  the  small  flakes  of  secondary  mica  with  the  indosures  of 
rutile,  eta 

Looking,  finally,  at  the  other  extreme, — the  coarser  bands  of 
micaceous  sandstone  before  mentioned,  and  the  thicker  beds  of  the 
same  overlying, — these  are  seen  to  be  composed  of  quartz,  felspar 
and  two  micas  as  before,  the  biotite  having  been  in  excess.  Owing 
probably  to  the  greater  percolation  of  water  through  this  coarser 
material,  the  biotite  has  suffered  more  alteration,  even  in  the  largest 
flakes,  than  in  the  other  bands,  a  larger  proportion  of  it  being 
wholly  removed,  leaving  clusters  of  grains  and  plates  of  epidote 
to  mark  its  former  position.  Very  little  fine  silt  of  any  kind  seems 
to  have  been  deposited  during  the  conditions  which  obtained  whilst 
these  coarser  materials  were  being  laid  down.  There  is  hardly  any 
of  the  rutiliferous  paste  to  be  detected  anywhere,  nor  secondary 
mica ;  indeed,  no  very  small  mica  of  any  kind. 

Materials  such  as  I  have  attempted  to  describe  above  are  obtain- 
able all  over  the  district  in  natural  exposures  and  from  coal-pits, 
and  always  show  the  same  things,  as  do  also  specimens  from  other 
and  distant  coal-fields.*  I  have  several  examples  mounted  illus- 
trating the  passage  of  such  shales  and  clays,  still  showing  much 
original  biotite,  into  finer  grades  with  no  trace  of  that  mineral 
remaining.  All  the  fire-clays  examined, — those  being  worked 
extensively  for  brick-making  and  others  taken  from  beds  not  so 
worked, — all  show  the  same  composition  and  structure  under  the 
microscope,  though  varying  a  good  deal  in  the  relative  amounts  of 
sand,  original  mica  and  "  paste  " ;  and  the  part  I  speak  of  as  paste 
again  varies  very  much  as  to  the  proportion  of  it  which  consists  of 

1  Among  other  material  examined,  I  am  indebted  to  Mr.  6.  H.  Askew,  of 
Aspatria,  near  Carlisle,  for  a  series  of  specimens  of  the  cores  from  a  bore-hole  put 
down  at  that  place  to  prove  the  coal-seams.  This  series  of  clays,  shales,  and 
micaceous  sandstones,  extending  to  800  feet  in  depth,  proves  to  have  been  all 
derived,  like  the  beds  in  the  Newcastle  coal-field,  from  the  waste  of  a  granite  with 
two  micas ;  and  the  changes  undergone  by  the  materials  of  the  deposits  have  been 
the  same. 
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the  minutely -granular  ''kaoline/'  and  of  micaceous  material  with 
rutiles. 

It  is  stated  in  nearly  all  books  on  the  subject  that  days  consist 
mainly  of  hydrous  silicate  of  alumina,  and  this  definition  is 
repeated,  in  works  dealing  specially  with  fire-clays,  as  true  of  them 
also.  Thus  Percy  (Metallurgy — volume  on  Fuel,  Fire-clays,  etc.), 
says :  '*  All  clays  as  they  occur  in  nature  consist  essentially  of 
hydrous  silicate  of  alumina." 

This  definition,  derived  as  it  is  mainly  from  the  chemical  study  of 
clays,  is  certainly  not  universally  true,  and  is  seldom  true  as  to 
fire-clays.  It  is,  however,  very  much  more  true  in  a  ohemical  sense 
than  in  a  mineralogical  or  petrological  one.  Later  on  in  the  same 
treatise  Percy,  with  more  of  his  usual  caution,  sums  up  as  follows : 
"The  conclusion,  which  appears  to  be  justified  by  the  foregoing 
considerations,  is  that  one  definite  hydroas  silicate  of  alumina, 
namely  kaolinite,  has  been  found  in  many  instances  to  constitute  the 
basis  of  substances  usually  designated  clay ;  and  in  the  present  state 
of  our  knowledge  more  than  this  cannot  confidently  be  asserted." 

As  regards  the  presence  of  kaoline  in  clays,  it  appeal's  to  me  that 
the  word  is  often  used  very  vaguely.  We  know,  of  course,  that 
kaoline,  a  definite  hydrous  silicate  of  alumina,  is  formed  during  the 
decay  of  felspar,  and  we  can  frequently  obtain  it  well  crystallized, 
as  in  the  interstices  of  many  grits  and  sandstones.  In  this  pure 
form,  however,  it  rarely,  if  ever,  reaches  deposits  of  clays.  China- 
clay  is  usually  supposed  to  consist  most  largely  of  it ;  but  deposits 
of  this  clay  are  comparatively  rare  and  limited,  and  are  due,  probably, 
largely  to  other  causes,  as  well  as  to  the  ordinary  atmospheric 
weatheriug  of  granites.  And  even  in  the  purest  china-clay  the 
microscope  shows  the  presence  of  a  very  large  proportion  of  mica 
and  other  things.  Moreover,  we  know  that  the  decay  of  orthoclase 
felspar  does  not  give  rise  only  to  kaoline,  but  also  to  mica ;  and,  as 
Bosenbusch  points  out,  we  are  not  well  able  to  distinguish  micro- 
scopically between  the  two  processes  when  in  progress, — processes 
"which  are  chemically  very  nearly  related,  and  depend  upon  a 
partial  or  total  replacement  of  potash  by  water  with  separation  of 
4:SiOs."  It  is  probable  that  decaying  orthoclase  yields  to  denudation 
as  much  very  minute  hydrated  mica  as  it  does  kaoline.  The 
latter,  in  course  of  transport  with  water,  will  become  reduced  to 
impalpable  granules,  will  be  thoroughly  incorporated  with  the  finest 
waste  of  other  minerals,  and  will  finally  be  deposited  as  a  very 
complex  substance. 

So  far  as  I  am  able  to  make  out,  the  very  thinnest  possible  films 
of  a  "  fireclay  "  show  under  a  good  ^  inch  objective  a  minutely- 
granular  substance,  usually  of  very  faint  yellowish  tinge,  and  of 
such  extreme  tenuity  that  in  polarized  light  it  is  either  quite  inactive 
or  depolarizes  only  just  perceptibly  in  a  faint  "  speckly  "  manner. 
Tliis  granular  matter  is,  I  suppose,  the  mixture  usually  spoken  of  as 
kaoline.  As  soon  as  we  examine  a  film  a  little  thicker,  but  still 
extremely  thin,  we  see  between  crossed  Nicols  a  more  distinct 
depolarizing  action  of   the  granular  matter  itself,  and  al&o  Ocl^ 
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presence  of  more  or  less  Dnmerous  extremely  small  flakes  of  s 
micaceoas  mineral.  In  films  a  little  thicker  still,  we  osaallj  soon 
reach  a  point  where  the  action  of  the  granular  matter  is  obscored  by 
the  depolarization  of  this  mica,  much  of  which,  when  mounted  in 
balsam,  cannot  be  made  out  at  all  in  ordinary  light 

In  most  of  the  fireclays  I  have  exammed,  the  mica  and  other 
substances  (quite  apart  from  actual  sand  and  coarser  flakes  of  mica, 
etc.)  much  exceed  the  *'  kaoline."  The  plasticity  of  such  clays  seems, 
as  has  been  suggested  by  some  writers,  to  depend  largely  on  the 
fineness  of  the  particles;  also  probably  on  their  physical  nature 
connected  with  the  hydration  of  the  mica,  because  of  all  these  clays 
it  is  true,  as  it  is  of  more  kaolinitic  clays,  that  as  soon  as  they  are 
dehydrated,  they  are  no  longer  plastia 

The  universal  presence  of  a  notable  amount  of  titanic  acid  in 
fireclays  was  announced  by  Riley  in  a  paper  published  in  1862 
(Joum.  Chem.  Soc.  vol.  xv.),  in  which  many  analyses  are  given,  and 
where  those  who  are  not  already  aware  of  it  may  get  full  information 
as  to  the  separation  of  titanic  acid,  and  may  see  also  how  it  comes 
that  it  is  so  often  left  undetermined  in  analyses  of  silicates. 

It  is  now  known,  of  course,  that  this  titanic  acid  so  universally 
diffused  in  clays  shows  itself  to  the  microscope  as  crystallized  rutile, 
for  the  most  part. 

I  think  it  is  now  largely  considered  that  in  the  more  advanced 
shales,  and  in  slates,  we  have  the  result  not  simply  of  consolidation 
of  original  deposits,  but  also  of  considerable  chemical  changes  result- 
ing in  the  formation  of  new  minerals ;  and  also  that  these  changes 
sometimes  partly  commenced  to  take  place  at  comparatively  early 
periods  after  the  deposits  were  formed. 

The  object  of  these  notes  has  been  to  confirm  this  in  some  cases 
and  also  to  endeavour  to  trace  out,  as  far  as  may  be,  what  is  tlie 
course  of  such  changes  in  a  sediment  of  known  origin  and  composition. 

The  development  of  so  much  rutile  in  the  paste  of  these  shales  and 
clays  is  of  interest,  because  none  of  the  original  minerals  of  the 
deposita  contained  it  as  such. 

In  the  present  state  of  our  knowledge  of  the  composition  of  these 
minerals  we  must  be  led,  I  imagine,  to  the  conclusion  that  the 
biotite  has  been  the  source  of  this  rutile.  Biotite  has  often  been 
proved  by  analysis  to  contain  titanic  acid  in  combination  up  to 
between  three  and  four  per  cent.  So  far  as  I  am  aware,  neither 
orthoclase  nor  muscovite  has  ever  been  shown  to  contain  any  of  it 
Minute  dark  hair-like  inclosures  in  quartz  of  granites  are  some- 
times spoken  of  as  rutile,  but  apparently  without  definite  proof;  at 
other  times  they  are  called  **  schorl,"  also  without  proof,  while  some- 
times they  are  spoken  of  first  as  one  and  then  as  the  other,  as  by 
Mr.  J.  A.  Phillips  in  his  paper  on  grits  and  sandstones  (Q.J.G.S. 
vol.  xxxvii.  1881) — often  on  the  same  page.  Granting  that  they  are 
rutile,  as  is  very  probable,  the  amount  of  that  mineral  set  free  by 
the  wear  of  quartz,  and  so  introduced  into  a  sediment,  would  be  very 
minute ;  and  the  quartz  of  many  granites  is  free  from  these 
inclosures. 
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The  hornblende  of  some  granites  probably  contains  titanic  acid, 
but  its  amount  in  most  granites  is  not  large,  and  in  the  deposits 
now  specially  considered  no  sign  of  that  mineral  is  seen.  The 
sphene  present  in  granites  is  also  in  relatively  very  small  amount, 
and  its  fragments  in  deposits  scarce  and  irregular  in  diffusion. 
Probably  all  biotite  of  granites  contains  titanic  acid,  if  only  it  were 
sought  for  in  analysis.  We  know  that  in  numerous  cases  rutile  is 
seen  in  decomposing  biotite,  though  it  is  apparently  by  no  means 
a  common  observation ;  and  biotites  have  been  proved  to  contain 
titanic  acid  in  rocks  in  which  they  did  not  show  rutile  during 
decay  (e.g.  Thiirach,  op.  ct<.). 

That  the  granitic  magma  is  titaniferous  is  often  proved  by  the 
original  sphene  and  rutile  present.  It  seems  as  if  after,  the  separa- 
tion of  these  the  remainder  of  the  titanic  acid  were  absorbed  in  the 
biotite. 

{To  he  continued  in  our  next  Number.) 
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I. — ^Thb  School  Manual  op  Geology.  By  J.  Bebtb  Jukes,  M.A., 
F.R.S.  Fifth  Edition.  Edited  by  A.  J.  Jukes-Bbownb,  B.A., 
F.G.S.  8vo.  418  pages;  with  numerous  Woodcuts.  (Black, 
Edinburgh.) 

ri1HE  late  Professor  Jukes's  motive  in  preparing  this  small  Manual 
X  was  to  aid  young  students  to  get  clear  notions  in  both  technical 
and  philosophical  Geology,  and  to  enable  grown-up  amateurs  to 
realize  ''  a  fair  general  notion  of  the  scope  and  nature  of  that 
Science."  This  end  and  aim  has  been  well  kept  in  mind  in  all  sub- 
sequent Editions  of  the  book,  with  conscientious  care  and  creditable 
results  of  advanced  knowledge  in  the  many  divisions  of  the  subject- 
matter.  As  it  now  stands,  the  School  Manual  treats  of — I.  Geological 
Operations  now  in  action  :  first,  the  earth  is  taken  as  a  whole,  with 
its  external  features  and  internal  condition ;  (2)  volcanoes  are  next 
considered,  and  earthquakes,  and  rise  and  fall  of  the  ground  ;  then  (3) 
igneous  rocks  and  their  constituent  minerals ;  (4)  rocks  mechanically 
formed,  wbether  on  the  surface  of  the  Earth  by  water,  ice,  and  wind, 
or  in  tbe  sea,  not  far  from  coasts ;  (5)  rocks  of  organic  origin, 
whether  derived  from  the  accumulation  of  plants,  or  of  animals. 
Thus,  (1 )  the  destruction  and  reproduction  of  strata  and  other  rocks ; 

(2)  geological  time,  as  deduced  from  a  consideration  of  the  natural 
processes  and  operations,  of  which  these  are  the  results  and  evidences ; 

(3)  the  balance  of  power  in  the  constant  action  and  reaction  in  the 
various  physical  agencies  always  at  work  on  and  in  the  Earth's  crust, 
are  brought  clearly  before  the  reader.  II.  Some  of  the  facts 
observable  in  the  Crust  of  the  Earth,  such  as  (1)  strata  or  rock- 
beds,  with  their  lamination  and  stratification  ;  (2)  rock -blocks,  joints, 
also  columnar  and  spheroidal  structure;  (3)  concretions;  (4)  inclined 
and  bent  strata ;  (5)  faults  and  lodes ;  (6)  metamorphic  rocks ; 
(7)  granitic  rocks ;  (8)  mountains,  hills,  and  valleys ;  (9)  \i\i^^\i. 
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formity  and  oTerlap  of  strata;  (10)  the  nature  and  oocnrrence  of 
fossils ;  are  briefly  but  distinctly  noted,  sometimes  in  detail 
III.  The  history  of  the  formation  of  the  rock-groups  found  in 
the  British  Isles;  (1)  treating  of  geological  history,  time  and 
nomenclature ;  (2)  the  Archaean  or  Eozoic  period ;  (3)  the  Cam- 
brian and  Ordovician  periods ;  (3-12)  the  Silurian,  Devonian, 
Carboniferous,  Permian  or  Dyassic,  Triassio,  Jurassic,  Cretaceous, 
Older  and  Newer  Tertiary,  and  Pleistocene  systems  and  periods, 
are  then  taken  in  succession,  with  some  of  their  most  important 
fossils,  in  such  a  manner  as  to  indicate  the  chief  points  to  be 
remembered  by  the  amateur,  and  to  be  further  worked  out  by  the 
real  student 

Like  the  Author  of  this  book,  the  Editor  has  had  good  technical 
experience,  being  engaged  on  the  Geological  Survey  of  Great  Britain ; 
he  is  al80  evidently  a  reading  man,  and  conversant  with  old  and 
new  books ;  indeed  we  are  glad  to  find  him  using  the  new  (second) 
Edition  of  the  Rev.  0.  Fisher's  "  Physics  of  the  Earth's  Crust,'* 
ouly  a  few  months  old.  The  aid  which  Mr.  Jukes-Browne  has 
received  from  Professor  Bonney  with  regard  to  Petrology,  especially 
Igneous  and  Metamorphic  rocks,  and  from  Mr.  Whitaker  about  the 
Cretaceous  and  Tertiary  formations,  is  gratefully  acknowledged,  and 
goes  far  to  assure  the  student  of  the  exact  treatment  these  subjects 
have  here  received. 

The  names  of  good  observers  and  writers  are  not  unfrequently 
referred  to  in  some  parts  of  this  "School  Manual";  but  few  only 
are  mentioned  in  connection  with  the  palseontological  chapters.  If 
even  the  authorities  for  the  species  of  those  fossils  which  are  figured 
had  been  given,  the  student  would  have  had  some  clue  to  the 
palaeozoology  and  palceophytology  of  the  past,  should  he  wish  to 
carry  out  any  investigations  in  Geology. 

The  illustrations  throughout  are  mostly  selected  from  those  used 
in  Professor  Jukes's  excellent  "Students'  Manual  of  Geology," 
which  were  nearly  all  original,  and  drawn  for  that  book  ;  and  they 
still  remain  good  and  trustworthy.  One  very  useful  diagram  (of 
*' overthrust- faults  ")  has  been  added  at  p.  161.  Among  the  fossils, 
on  the  contrary,  we  should  prefer  to  have  seen  the  figures  of 
"Pleistocene  fossils"  (given  in  a  former  edition  of  the  "School 
Manual"),  instead  of  •  the  hideous  and  false  portraiture  of  the 
Mammoth  at  page  396.  The  several  parts  of  the  borrowed  fig.  102 
require  an  explanation  which  they  do  not  get;  so  also  a  part  of 
fig.  80. 

The  plan  of  giving  the  derivation  of  the  names  of  fossils,  and 
indications  of  the  prosodial  "quantity"  of  their  syllables,  is  very 
good,  and  much  required  now-a-days,  when  students  of  natund 
history  are  too  often  destitute  of  classical  learning.  The  omission 
of  some  of  these  indications,  as  in  Pterinea,  Hippopodium,  and 
Goniopholis ;  or  misplacements,  as  in  CardiUm ;  or  mistakes,  as  in 
Cuvi^ri  and  VolUta,  show  the  necessity  of  olose  reading  for  the  press. 
Some  of  the  explanations  too  would  be  the  better  for  revision :  thus, 
though  of  little  consequence,  Clonus  was  the  son  of  Neptune  and 
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not  of  Jupiter ;  flahelHfer  is  "  fan-bearer,"  not  "  fan-tail  '* ;  there  is 
no  basis  for  the  word  "  plant "  in  the  etymology  of  •*'  Stigmaria,** 
nor  of  "  shell "  in  that  of  Terebratula,  Producta,  Ooniatites,  Galerites, 
etc.;  comptuB  means  ''neat*'  rather  than  ''ornamented  *';  and  grandis 
"  large "  rather  than  "  magnificent"  Labyrinthodon,  and  other 
names  with  a  similar  ending,  are  regarded  as  masculine  (as  indeed 
is  Mastodon  in  this  book),  and  not  neuter;  **Cardium**  is  not  really 
"  a  heart " ;  *'  coranguinum  "  should  be  "  snakes'  (not  snake's)  heart," 
— corangninum,  snake-heart,  is  better;  and  Ostrea  (not  Ostnea)  is 
correct.  These  and  a  few  other  such  points  should  be  attended  to 
for  the  sake  of  illiterate  beginners. 

There  is  but  little  else  to  be  found  fault  with : — perhaps,  however, 
we  should  note  the  carelessness  of  expression  at  p.  41  (repeated 
from  earlier  editions),  where  the  Esquimaux  boat-poles,  though 
they  have  been  moved  inland,  still  remain  beneath  the  sea.  The 
retention  of  "  Plastic  Clay  "  in  place  of  "  Woolwich  and  Reading 
Beds,"  as  also  in  former  editions,  has  evidently  escaped  the  Editor's 
notice  (p.  3-^3).  At  page  362  the  basalt  of  Antrim  is  referred  to  as 
of  Miocene  age,  but  on  the  previous  page  it  is  placed  among  the 
"  Eocene  Volcanic  Rocks,"  being  of  the  same  age  as  those  of  Mull, 
which  have  Eocene  plants  interstratified  with  them.  This  discovery 
ought  to  have  been  credited  to  Mr.  J.  S.  Gardner,  as  an  important 
correction  of  a  former  notion  about  the  existence  of  Miocene  beds 
in  the  British  Islands. 

The  chapters  on  the  PalsBOzoic  formations  are  much  improved ; 
but  necessary  succinctness  has  limited  the  subject  very  much.  Still, 
Wales  ought  not  to  have  had  its  chief  Coal-field  put  into  the  South  of 
England.  The  Ordovician  and  Cambrian  are  carefully  distinguished 
from  the  Silurian  proper,  and  from  the  Pre-Cambrian  and  Archsean 
rocks.  The  Cambrian  Hymenocaris,  however,  ought  not  to  be  still 
handed  down  with  three  front  spikes  (p.  24:0),  which  Mr.  Salter 
long  ago  did  away  with;  and  the  organic  standing  of  Oldhamia, 
having  been  doubted,  cannot  at  present  be  dogmatically  defined 
(p.  231). 

Among  the  good  points  in  this  little  book,  we  may  notice  that  the 
rival  theories  of  the  formation  of  Coral  Islands  are  very  carefully 
placed  before  the  student  (pp.  97 — 110).  We  doubt,  however,  if 
Prof.  Jukes  would  have  so  freely  accepted  Mr.  Murray's  views  as 
the  Editor  seems  to  think. 

The  decided  value  and  usefulness  of  this  "School  Manual" 
authorize  us  to  offer  the  foregoing  remarks  on  some  shortcomings 
for  the  Editor's  consideration, — being  assured  that  the  book  is  well 
suited  to  teacher  and  student  in  advancing  the  progress  of  liberal 
education,  and  therefore  worthy  of  all  the  improvements  that  its 
limits  will  allow.  Believing  that  the  success  which  it  has  already 
enjoyed  will  continue  and  increase,  as  it  well  deserves,  we  cordially 
recommend  this  book  to  school-masters  and  their  classes,  as  well  as 
to  students  and  amateurs. 
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IL-^NORTH    AXEBICAN   GsOLOOT   AND   PALEONTOLOGY   TOR   THS  IJsi 
OF   AVATBUBS,     StUDEMTS,     AND    SCIENTISTS.      Bj  S.   A.  MiLLH. 

8vo.  pp.  664:  1194  figs,  in  text.     (CincinnatU  Ohio,  1889.) 

rpHIS  is  to  all  intents  and  parposes  a  third  edition  of  the  ^  Ameri* 
J_  can  Palaeozoic  Fossils,"  which  first  appeared  in  1877,  and  which, 
increased  by  a  supplement,  was  re-issned  in  1883.  These  editioni 
however  were  without  illustrations,  and  the  later  one  comprised  bat 
lialf  the  number  of  pages  which  the  present  volume,  weighty  oertaioly 
in  its  mass,  runs  to. 

The  author  begins  his  preface  with  the  statement  that ''  a  general 
knowledge  of  Geology  is  probably  of  greater  importance  to  the  people 
of  the  Uniteil  States  than  a  like  amount  of  information  in  any  other 
department  of  natural  science,"  a  remark  which  may  certainly  be  held 
capable  of  application  to  a  yet  wider  section  of  the  globe. 

Turning  to  the  work,  however,  it  appears  that  "  North  Americsn 
Geology  '*  is  compressed  into  100  pages,  including  16  on  ''  definitions 
and  laws  of  geology,"  and  10  on  the  subject  of  "  nomenclature  "  of 
fossils,  whilst  the  remainder  of  the  work,  if  we  except  the  glossaij 
and  index,  is  devoted  to  *'  North  American  Palaeozoic  Fossils." 

This  part  is  further  subdivided.  The  "Vegetable  Kingdom" 
forms  a  section  by  itself :  the  "  Animal  Kingdom  "  is  portioned  out 
into  zoological  subkingdoms,  under  each  of  which  the  genera  are 
arranged  idphabetically,  and  prefaced  by  general  remarks  on  the 
group. 

The  alphabetical  method  in  a  work  intended  for  students  has  its 
advantages ;  nevertheless,  since  the  zoological  arrangement  of  the 
subkingdoms  necessitates  the  addition  of  an  idea  for  the  benefit  of 
the  tyro  in  palaeontology,  it  is  hard  to  see  why  the  whole  should  not 
either  have  been  carried  out  on  the  dictionary  plan  or  systematically 
disposed. 

The  chapter  on  nomenclature  practically  popularizes  the  British 
Association  rules,  but  we  do  not  call  to  mind  in  that  code  any  retro- 
spective regulation  to  the  effect  that  "a  name  should  always  be 
rejected  when  it  outrages  decency."  It  is  true  names  were  coined 
in  early  days  of  natural  history  which  no  right-minded  person 
would  even  think  of  inventing  now-a-days ;  but  if  they  pass  current 
to-day,  it  is  assuredly  not  because  their  extraction  is  thought  of; 
they  are  names  and  nothing  more,  and  to  seek  to  alter  them  now 
f  would  be  to  needlessly  imitate  those  maiden  ladies  of  America  who 

draped  their  table-legs  and  studiously  avoided  all  mention  of  the 
naked  eye. 

Puns  are  abhorrent  to  the  author,  who  decrees  that  "  Latin  pnns 
on  names,  as  faba  after  Mr.  Bean,  should  be  rejected  in  all  oases  as 
a  poor  joke."  "  Buffoonery,"  we  are  told,  "  has  no  plaoe  in  soienoe." 
And  yet  somehow  or  other  we  cannot  quite  disabuse  our  minds  of 
the  impression  that  the  author  himself  is  attempting  to  play  off  * 
big  joke  on  the  geological  student. 

How  else  are  some  of  the  following  statements  to  be  aooovntet 

for?     "The  PaloBozoic  Protozoa  are  included   in  two  classes,  ri* 

BhizopodflB  and  Poriferae."     "  The  Poriferae  include  the  Sponges  and 

are  not  to  be  regarded  aa  axi^  mox^  \i\^^  QT^guiieed  than  tltf 
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Khizopodee."  Again,  after  strenuously  upholding  the  law  of  priority 
(p.  92),  he  proceeds  to  remark  a  propos  of  Orophoerinus  (p.  265), 
''  The  definition  was  very  imperfect  and  was  made  in  a  foreign 
language,  in  a  foreign  countiy,  and  in  a  journal  having  no  circulation 
in  America  where  the  fossil  occurs,"  and  proceeds  to  conclude  that 
this  name  must  give  way  to  Codonites,  Meek  &  Worthen,  1869 1 

The  list  of  families  given  at  the  head  of  each  section  is  some- 
times remarkable,  those  into  which  he  distributes  the  Palasozoic 
Sponges  is  especially  so.  Some  of  these  families  have  not  yet  been 
described  and  are  given  with  all  their  species  marked  ''(in  press)." 
The  BeatricidsB  (with  the  single  type  genus)  and  the  Stromatoporidsd 
have  long  been  removed  from  the  Sponges,  and  Palaaeis,  here  the 
sole  genus  of  a  family,  is  generally  considered  to  be  a  Coral.  The 
Pharetrones  are  calci-sponges,  but  not  one  of  the  four  genera  here 
referred  to  them  is.  In  the  class  Crinoidea,  the  genus  Melocrtnus 
does  not  appear  with  the  other  genera  under  Melocrinidss,  but  under 
Actinocrinidsd,  whilst  Taxocrinm  appears  under  two  families — 
lohthyocrinidsB  and  Taxocrinidss  I 

In  the  Gasteropoda  the  genus  Turbo  is  illustrated  by  the  type 
species  T.  marmorattUf  and  fully  described,  the  paragraph  concluding 
with  the  following  gem  :  ''  Not  an  American  Palaaozoic  genus.  The 
Kpecies  left  here  is,  for  want  of  material,  to  refer  them  to  where  they 
belong  "  I 

Under  ''Lamellibranchiata"  we  learn  that  '*  Shells  having  a  siphon 
are  always  gaping  at  the  posterior  or  anterior  side,  or  at  both " ! 
Area  is  "  unknown  in  the  Palaeozoic  rocks,"  and  CucuJlaa  "  is  not  a 
PalsBozoic  genus."  Under  *'  Pisces  "  we  find  the  synonyms  Meco- 
lepis  and  Eurylepis  given  as  distinct  genera,  and  the  species  put  under 
the  former  all  repeated  under  the  latter. 

The  palssontological  part  of  the  work  is  extensively  illustrated  by 
figures  drawn  from  every  available  source,  and  consequently  of  very 
unequal  value,  a  few  being  as  excellent  as  the  majority  are  the 
reverse.  They  will  probably  prove  more  useful  as  "  reminders  "  to 
the  palsdontologist  than  as  aids  to  the  identification  on  the  part  of  the 
student. 

In  this  edition,  whilst  the  etymology  of  the  generic  names  is  given 
in  the  text,  that  of  the  specific  is  gathered  into  a  glossary,  endless 
repetition  being  thereby  avoided.  Here  emendation  is  as  necessary 
as  in  the  rest  of  the  volume.  To  find  that  '  adnatus '  means  '  adnate,' 
'basalticus'  is  'beisaltic,'  and  that  'chrysalis'  is  'chrysalis,'  may 
be  satisfactory  to  some  minds,  but  can  hardly  be  called  explana- 
tory. The  translation  of  *  bipartitus  '  into  *  two-parted '  is  not  very 
happy,  whilst  the  rendering  of  ' perspicator '  by  'sharp-sighted'  is 
hardly  as  correct  as  it  should  be.  The  infiections  attributed  to 
certain  comparative  adverbs  as  '  minus,  a,  um,  less '  are  novelties 
that  will  interest  the  philologist  without,  however,  instructing  the 
youth  to  whom  the  little  book  is  dedicated. 

Notwithstanding  all  its  faults,  the  book  has  considerable  value  as 
a  work  of  reference  to  the  literature  of  North  American  Palaeozoic 
Palsdontology,  and  in  the  hands  of  a  moderately  competent  editor 
would  become  a  priceless  treasure  to  the  working  pal»oii\AAo^\%\>, 
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IXI. — A  Guide  to  thb  Exhibition  Oallkeiss  of  the  Depabt- 
3IXNT  OF  Geology  and  Paubontoloot  of  the  British  Musbto 
(Natural  History),  Cromwell  Koad,  London,  S.W.  Part  L 
Fossil  Mammals  and  Birds.  With  119  Illustration  and  1  Plan; 
103  pages,  8vo.  Part  II.  Fossil  Bxptiles,  Fishes,  and 
Invertebrates.  With  94  Illnstrations  and  1  Plan ;  109  pages, 
8vo.  Price  Sixpence  each  Part.  Printed  by  Order  of  the 
Trustees,  April,  1890. 

THE  Trustees  and  Officers  of  the  British  Museum  have  in  many 
ways  shown  their  earnest  desire  to  render  the  collections 
under  their  care  as  useful  as  possible,  both  to  students  and  the 
general  public.  The  Natural-History  branch  of  the  Museum  provides 
useful  "  Handbooks  "  and  *'  Guides,"  besides  more  elaborate  "  Cata- 
logues," and  the  Department  of  Geology  and  Palaeontology  is  well 
furnished  with  such  necessary  means  of  instruction,  suited  both  to 
save  the  time  of  the  amateur  who  wishes  to  learn  what  the 
specimens  in  the  Cases  have  to  teach,  and  to  direct  the  student 
at  once  to  those  parts  of  the  Collection  that  will  serve  to  increase 
his  knowledge.  A  "  Guide  "  to  the  Department  was  issued  in  1881, 
and  the  four  successive  editions,  each  illustrated  and  enlarged,  that 
have  followed,  have  been  well  appreciated  by  the  public,  for  16,000 
copies  have  been  issued.  Of  late  years  many  interesting  and  rare 
Fossils  have  been  added  to  the  Collection,  and  ''Museum  Catalogues" 
of  Fossil  Mammalia,  Heptilia,  Amphibia,  Fishes,  Crustacea,  Cepha- 
lopoda, Blastoidea,  Sponges,  Foraminifera,  and  Coal-plants  have 
more  particularly  been  prepared  technically  and  scientifically  by 
various  specialists.  The  new  edition  of  the  Guide-book  has 
necessarily  been  augmented  with  notices  of  the  chief  types  and 
varieties  of  the  vertebrate  animals  mentioned  in  those  Catalogues 
and  elsewhere ;  and  gives  references  to  the  subject-matter  of  such 
Catalogues  and  special  works  as  elucidate  the  structure  and  characters 
of  the  Invertebrata.  So  much  indeed  has  this  hand-book  increased 
that  it  is  now  published  in  two  parts,  each  of  which  is  larger  than 
the  former  "Guide."  Part  I.  contains  116  woodcuts  and  a  frontis- 
piece ;  Part  II.  has  94  woodcuts.  In  the  "  Guide "  (especially  in 
the  first  part),  figures  of  recent  specimens  are  placed  near  those  of 
the  fossils  in  several  instances  for  comparison,  and  to  enable  the 
beginner  to  compare  what  is  easily  known  with  the  more  obscure  and 
often  imperfect  remains  of  extinct  forms. 

If  any  fault  can  be  found  with  regard  to  the  number  of  illustra- 
tions, it  is  that  in  some  cases  they  appear  to  be  excessive.  Thus,  in 
treating  of  the  order  Chelonia,  in  pt  ii.  pp.  38-41,  we  find  a  number 
of  illustrations  which  do  not  seem  necessary  to  explain  the  text, 
and,  indeed,  are,  for  the  most  part,  not  even  mentioned  therein. 
The  greater  number  of  the  excellent  illustrations  with  which  the 
work  is  adorned  have  been  reproduced  from  the  recently-published 
'Catalogues '  of  Fossil  Mammalia,  Reptilia,  and  Amphibia;  but  a  few, 
such  as  the  skull  of  Samotherium  and  the  skeleton  of  Xrartosatcrttf, 
have  been  executed  specially  for  the  present  work.  We  may 
mention  that  the  fourth  part  of  the  'Catalogue  of  Fossil  Beptilia 
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and  Ampliibia '  was  still  in  the  press  at  the  time  of  pablioation  of 
the  '  Guide/  but  numerous  figures  of  Reptiles  and  Labyrinthodonts 
have  been  taken  therefrom,  and  the  author  has  had  the  opportunity 
of  seeing  the  proof-sheets.  This  will  aooount  for  the  appearance  in 
part  ii.  pp.  65-66,  of  the  new  name  Metoposaurua,  whioh  has  been 
proposed  in  the  '  Catalogue  *  to  replace  the  preoooupied  one  of  Metopiaa. 

In  the  great  majority  of  instances  some  explanation  is  given  of 
the  structure  and  affinities  of  the  genera  mentioned ;  but  in  some 
cases  we  venture  to  think  such  explanations  are  somewhat  too 
technical  to  suit  the  popular  taste ;  while  in  others  we  meet  with 
lints  of  names  without  any  distinct  clue  as  to  what  kind  of  creatures 
they  really  represent 

The  first  part  is  devoted  to  the  consideration  of  the  Mammals  and 
Birds;  the  former  coming  in  for  a  very  full  treatment,  both  as 
regards  letterpress  and  illustrations.  We  are  glad  to  see  a  very 
considerable  advance  in  the  systematic  treatment  of  this  group,  the 
author  having  for  the  most  part  brought  his  descriptions  fully 
abreast  of  the  modern  views.  We  may  notice,  however,  that  the 
introduction  of  the  discarded  term  Quadrumana  on  page  4  appears 
unnecessary,  and  liable  to  lead  to  confusion.  And  on  the  same  page, 
we  think,  it  would  have  been  advisable  to  point  out  which  genera 
of  Monkeys  and  Apes  are  still  living  and  which  are  extinct,  and 
also  to  have  arranged  them  according  to  their  families.  Thus 
we  find  Anthropopithecu8  (Chimpanzee)  separated  from  its  extinct 
ally  DryopUhecus  ;  while  the  extinct  Mesopithecus  should  have 
occupied,  as  its  name  implies,  the  middle  position  between  the  living 
Macacus  and  Semnopithecus, 

A  large  series  of  figures  illustrates  very  fully  the  gradual  advance 
in  the  specialization  of  the  molar  teeth  of  the  Proboscideans ;  a 
group  of  which  the  Museum  contains  the  finest  collection  extant. 
In  speaking  of  the  Macrauchenia,  at  p.  30,  as  a  specialized  Ungulate, 
we  presume  the  author  rather  intended  to  use  the  term  ''generalized." 
Again,  in  treating  of  the  Horses,  at  p.  39,  the  author  appears  to 
have  become  involved  in  some  confusion  between  Equida  and 
Lophiodontida,  since  he  mentions  the  genus  Eohippus  among  the 
former  family,  whereas  its  true  position  is  in  the  latter.  We  may 
mention  in  passing  that  the  recent  observations  of  Messrs.  Scott 
and  Osborn  have  shown  that  Eohippus  is  really  identical  with 
Hyracotherium  (p.  38) ;  Orohippm  being  the  same  as  Pachynolophus. 
The  new  views  as  to  the  probable  Metatherian  affinity  of  the 
Mesozoic  Multituberculata  are  adopted.  Why  the  author  will  persist 
in  using  the  name  Castor  europauSj  Owen  (p.  9),  in  place  of  C,  fiber, 
Linn.,  is  a  point  on  which  we  should  be  glad  to  receive  further 
information. 

In  the  Birds  the  classification  of  the  extinct  and  recent  types 
proposed  by  Prof.  A.  Newton  has  been  followed  ;  the  presence  or 
absence  of  teeth  not  being  regarded  as  features  of  ordinal  importance. 

The  second  partis  devoted  to  the  Reptiles  (including  Amphibians), 
Fishes,  and  Invertebrates.  Since,  however,  a  special  guide  to  the 
Fossil  Fishes  has  been  already  published,  mention  is  only  made  of 
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the  obief  groups  into  which  the  class  is  divided.  The  same  brevitj 
is  noticeable  in  regard  to  the  Invertebrates;  and  there  is  also  a 
short  notice  of  the  Fossil  Plants.  The  concluding  sections  of  this 
part  refer  to  the  very  interesting  historical  and  stratigraphical  collec- 
tions exhibited  in  the  Department  The  fine  series  of  fossil  footprints 
is  also  mentioned ;  and  in  this  connection  we  notice  that  the  student 
is  liable  to  be  misled  by  the  unfortunate  slip  of  the  name  Cheiro- 
therium  occurring  in  the  text,  while  the  explanatory  illustration  bean 
the  legend  Chirosaurus. 

The  author  in  treating  of  the  Reptiles  and  Amphibians  follows  in 
the  main  the  classification  adopted  in  the  Museum  Catalogues.  In 
retaining  the  name  Omithopais  (p.  10)  in  place  of  the  earlier 
EoploaauruB  (p.  12)  the  author  sets,  however,  a  false  precedent, 
since  if  we  do  not  hold  by  the  rule  of  priority  there  is  not  the 
least  reason  why  Omithopsia  itself  should  be  held  preferable  to 
Eucamerotus ;  indeed  the  reverse  is  the  case,  since  the  remains  on 
the  evidence  of  which  the  name  Omithopsis  was  proposed  were  never 
figured  by  their  describer,  while  those  described  as  Eueameroiua  were 
fully  illustrated. 

'Hie  magnificent  series  of  Ichthyosaurian  and  Pliosaurian  remains 
preserved  in  the  Museum  meets  with  full  recognition ;  the  illustra- 
tions indicating  the  chief  structural  peculiarities  of  these  groups. 
The  description  of  the  anatomical  structure  at  p.  33  is,  however, 
one  of  those  instances  to  which  we  have  already  alluded  where  the 
technicalities  seem  to  be  too  great  Thus  we  very  much  doubt 
whether  the  ordinary  reader  will  have  the  slightest  idea  what  an 
*  obturator  notch,'  or  a  *  precoraooid  *  means.  If  indeed  such  terms 
are  introduced  at  all  in  a  work  of  this  nature,  they  should  be  fully 
explained  and  illustrated  by  diagrams. 

In  raising  the  peculiar  Placodonts  to  the  rank  of  an  order,  the 
author  departs  from  the  usual  view  without  any  sufficient  justifica- 
tion. In  the  diagnosis  of  the  order  Anomodontia  we  again  deplore 
the  extreme  technicality  of  the  terms,  and  venture  to  affirm  that  these 
will  be  utterly  unintelligible  to  the  ordinary  visitor,  while  the 
student  will  of  course  seek  elsewhere  for  his  information.  If  such 
technicalities  are  admissible  at  all,  it  should  surely  have  been  clearly 
explained  by  the  aid  of  a  figure  that  the  precoraooid  of  many 
Anomodouts  differs  from  that  of  all  other  Reptiles  in  being  an 
absolutely  distinct  bone.  Tlie  features  in  which  these  Reptiles 
approximate  to  the  Monotreme  Mammals  might  also  have  been 
advantageously  indicated,  as  they  are  the  most  interesting  points  in 
connection  with  the  group.  A  protest  must  also  be  entered  against 
the  decisive  reference  of  the  Karoo  System  of  the  Cape  to  the 
Trias,  in  face  of  the  arguments  brought  against  this  view  by  Mr. 
W.  T.  Blanford  and  others.  Some  of  the  figures  illustrating  the 
osteology  of  the  Anomodonts  are  all  that  can  be  desired. 

Notices  of  historical  and  type  collections,  and  of  stratigraphical 
and  other  special  groups  of  specimens,  at  pages  92-100,  comprise 
remarks  on  Sir  Hans  Sloane's,  Brander's,  William  Smith's,  Sowerby's, 
Qilbertson's,  Searles  Wood's,  F.  E.  Edwards',  and  Davidson's  oolleo- 
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tions;  besides  the  specimens  of  Eonig's  ''loones/'  bored  rocks, 
tracks,  trails,  footprints,  cores  from  borings,  etc. 

The  descriptive  paragraphs  not  only  give  details  as  to  the  localities 
and  peculiarities  of  the  fossils,  but  are  frequently  rich  with  philosophic 
thought  on  the  relationship  and  probable  descent  of  the  animals 
themselves. 

Each  Part  contains  a  plan  and  explanation  of  the  saloons  or 
galleries  and  cases  of  those  fossils  of  which  it  treats,  also  a  good 
index ;  and  is  complete  in  itself. 

In  thus  endeavouring  to  popularize  an  abstruse  but  exceedingly 
fascinating  branch  of  science,  and  in  giving  to  the  public  such  a  full 
shilling's  worth,  the  author  (Dr.  H.  Woodward)  and  the  Trustees  ot 
the  British  Museum  are  to  be  highly  congratulated ;  and  we  trust 
that  the  public  will  show  its  appreciation  of  the  work  by  rapidly 
buying  up  the  present  edition,  and  thus  enabling  the  author  to  issue 
another  edition  incorporating  some  of  the  slight  improvements  we 
have  ventured  to  suggest 

A  list  of  the  Museum  Catalogues  relating  to  Zoology  and 
Palaeontology,  and  of  Guide-books  for  the  Zoological,  Geological, 
and  Mineralogical  Departments,  is  added. 
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L— April  16, 1890.— J.  W.  Hulke,  Esq.,  F.R.S.,  Vice-President,  in 
the  Chair. — The  following  communications  were  read  : — 

1.  "On  the  disturbed  Rocks  of  North-western  Germany."  By 
Prof.  A.  von  Konen,  For.Corr.G.S.  (Communicated  by  Sir  Waring- 
ton  W.  Smyth,  F.R.S.,  F.G.S) 

After  referring  to  the  disturbances  of  Palaeozoic  times,  the  author 
commented  upon  the  Miocene  dislocations  of  the  Harz,  Rhineland, 
Westphalia,  and  Nassau,  which  have  a  N.W.-S.E.  strike,  varying 
to  N.-S.  or  E.-W.,  and  which  are  similar  to  post-Glacial  dis- 
locations. 

He  briefly  discussed  the  origin  of  these  dislocations,  and  noticed 
their  peculiarities,  and  proceedeti  to  consider  the  relationship  of  the 
intruded  basalts  to  the  disturbances,  supposing  that  during  the 
process  of  faulting,  the  earth's  crust  was  pressed  downward  along 
synclinal  lines,  and  that  the  basaltic  magma  escaped  upwards  through 
the  inverted  funnel-shaped  synclinal  fissure. 

Comparison  was  made  between  these  Tertiary  basalts  and  the 
products  of  modern  volcanic  eruptions,  and  it  does  not  appear  to 
the  author  to  be  unlikely  that  the  cause  of  the  outflow  of  many  of 
the  lavas  in  the  latter  was  similar  to  that  which  produced  the  exten- 
sion of  the  Tertiary  basaltic  rocks. 

2  "  On  the  Origin  of  the  Basins  of  the  Great  Lakes  of  America." 
By.  Prof.  J.  W.  Spencer,  M.A.,  Ph.D.,  F.G.S.,  State  Geologist  of 
(Georgia. 

From  the  study  of  the  hydrography  of  the  American  lakes,  from 
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the  disooTery  of  buried  channels  revealed  by  borings,  from  the 
inspection  of  the  glaciation  of  the  lake-region,  the  consideration 
of  the  late  high  continental  elevation,  and  the  investigation  of 
the  deformation  of  old  water-levels,  as  recorded  in  the  high-level 
beaches,  the  explanation  of  the  origin  of  the  basins  of  the  great 
lakes  becomes  possible. 

The  original  Erie  valley  drained  into  the  extreme  western  end  of 
Lake  Ontario — the  Niagara  river  being  modern — by  a  channel  now 
partly  buried  beneath  drift.  Lake  Huron,  by  way  of  Georgia  Bay, 
was  a  valley  continuous  with  that  of  Lake  Ontario ;  but  between 
these  two  bodies  of  water,  for  a  distance  of  about  95  miles,  it  is  now 
buried  beneath  hundreds  of  feet  of  drift.  The  old  channel  of  this 
buried  valley  entered  the  Ontario  basin  about  twenty  miles  east  of 
Toronto.  The  northern  part  of  Lake  l^ichigan  basin  was  drained 
into  the  Huron  basin,  as  at  present ;  whilst  the  southern  basin  of 
the  lake  emptied  by  a  now  deeply  drift-filled  channel  into  the  south- 
western part  of  Huron.  The  buried  fragments  of  a  great  ancient 
valley  and  river,  and  its  tributaries,  are  connected  with  submerged 
channels  in  Lake  Huron  and  Lake  Ontario,  thns  forming  the  course 
of  the  ancient  St  Lawrence  (Lauren tian)  river,  with  a  great  tributary 
from  the  Erie  basin  and  another  across  the  southern  part  of  the  State 
of  Michigan.  This  valley  is  of  high  antiquity,  and  was  formed 
during  times  of  high  continental  elevation,  ciUminating  not  long 
before  the  Pleistocene  period.  The  glaciation  of  the  region  is 
nowhere  parallel  with  the  escarpments,  forming  the  sides  of,  or 
crossing  the  lakes  or  less  prominent  features.  During  the  Pleistocene 
period,  and  especially  at  the  close  of  the  episode  of  the  Upper  Till, 
the  continent  was  greatly  depressed,  and  extensive  beaches  and 
shore-lines  were  made,  which  are  now  preserved  at  high  elevations. 
With  the  re  elevation  of  the  continent  these  old  water  levels  have 
been  deformed,  owing  to  their  unequal  elevations.  This  deformation 
is  sufficient  to  account  for  the  rocky  barriers  at  the  outlets  of  the 
lakes.  Some  of  the  lakes  have  been  formed,  in  part,  by  drift 
obstructing  the  old  valley.  The  origin  of  the  basins  of  the  Great 
Lakes  may  be  stated  as  the  valley  (of  erosion)  of  the  ancient  St 
Lawrence  River  and  its  tributaries,  obstructed  during,  and  particularly 
at  the  close  of  the  Pleistocene  period,  by  terrestrial  movements, 
warping  the  earth's  crust  into  barriers,  thus  producing  lake-basins, 
some  of  which  had  just  been  formed  in  part  by  drift  deposited  in 
the  ancient  valley. 

3.  "  On  Omithosaurian  Remains  from  the  Oxford  Clay  of  North- 
ampton."    By  R.  Lydekker,  Esq.,  B.A.,  F.G.S. 

Seven  vertebrsB,  portions  of  the  ilia  and  ischia,  one  femur,  and 
the  distal  portion  of  that  of  the  opposite  side,  part  of  a  bone,  probably 
from  the  shaft  of  the  tibia,  and  two  undetermined  fragments,  all 
associated,  indicate  the  existence  in  England  during  the  Oxford- 
clay  period  of  the  species  of  Bhamphorhynchus  provisionally  referred 
to  R,  Jessonif  though  not  definitely  distinguished  from  R,  Gemmingi, 

Amongst  the  noticeable  features  of  the  specimens  are  the  presence 
of  a  distinct  rib-facet  at  the  lateral  border  of  the  inferior  surface 
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of  the  centniiD  of  the  oervioal  vertebrsd,  preying  the  existence  of 
cervical  ribs,  and  the  character  of  the  neural  spine  of  a  dorsal 
vertebra  which  strikingly  recalls  that  of  a  bird. 

4.  '* Notes  on  a  '  Wash-out'  found  in  the  Ploasley  and  Teversall 
Collieries,  Derbyshire  and  Nottinghamshire."  By  J.  C.  B.  Hendy, 
Esq.     Communicated  by  Dr.  W.  T.  Blanford,  F.R.S.,  F.G.S. 

Sections  were  given  of  the  "  Wash  "  showing  the  thickening  of 
the  coal  as  it  approaches  the  same,  and  the  splitting  of  the  "  Wash  " 
itself  into  two  branches.  Various  measurements  were  noted,  and 
certain  disturbances  recorded.  In  every  section  examined,  the  sides 
of  the  "  Wash  "  are  more  or  less  slickensided,  and  in  some  few  cases 
the  coal  is  distorted  next  to  the  ''Wash";  but  the  author  is  of 
opinion  that  these  are  due  to  lateral  pressure  and  movement  subse- 
quent to  the  denudation  of  the  coal  and  deposition  of  the  sandstone, 
and  he  remarks  on  the  difficulty  of  reconciling  the  regularity  of  the 
underclay  with  the  theory  of  the  formation  of  "Washes"  by 
disturbance. 

He  considers  that  they  are  due,  in  Durham  and  elsewhere,  to 
currents  flowing  at  a  high  rate  of  speied  in  one  direction,  carrying 
away  the  denuded  material,  and,  as  in  the  case  of  the  Derbyshire 
"  Wash,"  to  a  series  of  inundations,  each  inrush  denuding  a  certain 
amount,  and  on  subsiding,  redepositing  part  of  the  material  at  a 
higher  level,  while  the  remainder  was  carried  away  in  suspension. 

In  conclusion,  notice  was  taken  of  "  washes  "  occurring  in  other 
localities. 


II.— April  30,  1890.— Dr.  A.  Geikie,  F.R.S..  President,  in  the 
Chair. — The  following  communications  were  read  : — 

1.  "  On  certain  Physical  Peculiarities  exhibited  by  the  so-called 
'  Raised  Beaches '  of  Hope's  Nose  and  the  Thatcher  Bock,  Devon." 
By  D.  Pidgeon,  Esq.,  F.G.S. 

The  author  described  the  peculiarities  of  these  so-called  beaches, 
including  the  absence  of  stratification,  the  presence  of  splinters  of 
rock  like  that  of  the  overlying  limestone  cliffs,  the  scarcity  of 
rounded  pebbles,  and  the  great  abundance  of  sharply  fractured 
shells  associated  with  unbroken  rock-dwelling  shells. 

He  enumerated  the  fossils  collected  from  these  deposits  by  Mr.  A. 
R.  Hunt,  which  include  Trophon  truncatua  and  Pleuroioma  txirriada^ 
and  calling  attention  to  the  observations  of  Messrs.  Feilden  and 
De  Ranee,  and  of  Dr.  Moss  upon  the  ice- foot  of  Arctic  regions,  and 
the  accumulation  of  material  in  the  trenches  found  therein,  concluded 
that  the  deposits  under  consideration  were  formed  at  a  time  when  a 
small  bay  existed  between  Hope's  Nose  and  the  Thatcher  Rock, 
which  has  since  been  destroyed  by  denudation  of  the  intervening 
sandstone,  in  which  bay  an  ice-foot  once  existed ;  and  further,  that 
the  two  deposits  from  the  surviving  relics  of  the  mingled  mass  of 
chips,  shells,  shell- fragments,  Crustacea,  etc.,  which  must  have  filled 
the  trench  in  the  ice-foot  demanded  in  such  a  position.  This  would 
place  the  time  of  formation  of  the  deposits  at  the  close  of  the 
Glacial  period. 
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2.  "  The  Devonian  Rocks  of  South  Devon."  By  W.  A.  E.  Ussher, 
Esq.,  P.G.S.,  of  H.M.  Geological  Survey. 

I'his  paper  is  the  result  of  work  done  in  continuation  of  the 
labours  of  the  late  Mr.  Champernowne,  and  refers  particularly  to 
the  area  north  of  the  Dart  and  east  of  Dartmoor. 

Owing  to  the  complicated  stratigraphy  of  the  region,  we  have  to 
fall  back  upon  such  information  as  can  be  procured  of  the  general 
types  of  Upper,  Middle,  and  Lower  Devonian  faunas ;  for  though 
the  lithological  conRtituents  of  these  three  divisions  are  broadly 
distinguishable,  there  are  no  definite  lithological  boundaries  between 
them. 

The  Lower  Devonian  is  mainly  distinguished  by  the  occurrence 
of  sandstone  and  grit,  but  the  upper  beds  are  shales  passing  into  the 
Middle  Devonian  slates. 

The  Middle  Devonian  consists  of  limestones,  and  shaly  limestones 
upon  slates,  the  latter  representing  the  Calceolen-Schiefer,  and  con- 
taining Spirifer  specioaus,  Stringocephalus  is  found  here  and  there 
in  the  Middle  Devonian  Limestones.  The  upper  part  of  the  Middle 
Devonian  Limestones  (with  Lummaton  fauna)  passes  into  the 
euhotdeS'hedB  of  the  Upper  Devonian.  The  Upper  Devonian  con- 
tains thin-bedded  limestones,  often  concretionary,  with  chocolate-red 
and  pale  greenish  slates  and  mudstones.  These  beds  correspond 
to  the  Goniatiten-Schichten,  Kramenzelstein  and  KnoUenkalk  of 
Germany,  and  to  the  Cypridinen-Schiefer. 

In  the  Upper  and  Middle  Devonian  rocks  we  find  a  local  preva- 
lence of  schalstein  ard  tuffs,  breaking  up  the  limestones.  The  slate 
and  sandstone  type  of  Upper  Devonian  in  North  Devon  appears  to 
give  place  southward  to  a  purely  slate  type,  possibly  accompanied 
by  overlap  of  the  Culm-measures.  The  author  groups  the  South 
Devon  rocks  under  the  following  heads : — 

(  1.  Cypridinen-Schiefer. 
Upper  ...  I  2.  Goniatite- limestones  and  slates. 

(  3.  Massive  Limestones. 

/  4.  Ashprington  Volcanic  Series. 
Middle...  |  6.  Middle  Devonian  Limestones. 

(  6.  Eifelian  slates  and  shaly  limestone. 

J  /  7.  Slates  and  sandstones,  generally  red. 

i.ower  ...  J  g^  gj^^g  ^^^  ^^^  ^.^ 

After  discussing  the  relationship  of  the  Lincombe  and  Warberry 
beds  and  the  New  Cut  Homalonotus-beds,  the  author  notes  the 
discovery  of  Pleurodtctyum  by  Mr.  Whid borne  in  the  railway-cutting 
at  Saltern  Cove.  He  proves  the  Lower  Devonian  age  of  the 
Cookington  beds  and  their  correlation  with  the  Torquay  Lower 
Devonian  by  the  discovery  of  fossils.  He  considers  it  probable, 
though  not  certain,  that  the  main  mass  of  Meadfoot  beds  is  below 
the  Lincombe,  Warberry,  and  Cookington  sandstones. 

The  distribution  of  the  Middle  Devonian  Limestones  is  described. 
Stringocephalus  is  found  in  limestones  containing  Bhynchondla 
euboides.  The  upper  parts  of  the  limestone- masses  (East  Ogwell, 
Kingskerswell,  Barton,  Ilsham,  etc.)  may  be  Upper  Devonian.  The 
massive  limestones  may  terminate  abruptly  or  pass  laterally  into 
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shales,  and  the  whole  mass  of  the  limestones  seems  to  be  replaced 
by  slates  between  the  Yealmpton  and  Totnes  areas. 

The  commencement  of  the  phase  of  volcanic  activity  which  caused 
the  accumulation  of  the  Ashprington  series  is  shown  to  coincide  with 
the  latest  stage  of  Eifelian  deposition,  and  the  Ashprington  series 
may  represent  continuous  or  intermittent  vulcanicity  up  to  a  late 
stage  in  the  Upper  Devonian.  North  of  Stoke  Gabriel  a  mass  of 
limestone  seems  to  have  been  formed  contemporaneously  with  the 
volcanic  material  on  the  immediate  borders  of  which  it  occurs. 
Elsewhere  the  limestones  are  interrupted  by  local  influxes  of  volcanic 
material.  The  occurrence  of  other  local  developments  of  Middle 
and  Upper  Devonian  volcanic  rocks  is  described. 

The  relationship  of  the  Middle  and  Upper  Devonian  deposits 
varies.  In  some  cases  Upper  Devonian  shales  may  have  been 
deposited  against  Middle  Devonian  limestones;  in  others  there  is 
a  continuous  development  of  limestone,  the  Middle  Devonian  lime- 
stones being  succeeded  by  Cu&oid^a-beds,  Gonta/f<e-limestones,  and 
Knollenkalk.  The  local  variations  of  these  are  described,  and  fossil- 
lists  given.  The  Knollenkalk  is  shown  to  pass  under  Entomis' 
bearing  beds  ("Cypridinen-Schiefer"),  which  are  described,  though 
a  detailed  account  of  their  relationship  to  the  Culm-measures  is 
reserved  for  a  future  occasion. 


Ill— May  14,  1890.— Dr.  A.  Geikie,  F.R.S.,  President,  in  the 
Chair. — The  following  communications  were  read  : — 

1.  "  The  so-called  Upper-Lias  Clay  of  Down  Cliflfs."  By  S.  S. 
Buckman,  Esq.,  F.G.S. 

The  blue  clay  of  Down  Cliff,  Dorset,  which  has  been  refeiTed  to 
the  Upper  Lias,  bets  yielded  Ammonites  of  the  genus  Dumortieria 
to  the  author,  notably  D,  radians.  This  blue  clay  is  below  the 
Yeovil  Sands ;  but  the  position  of  B.  radians  in  the  Cotteswolds  is 
in  the  limestone  above  the  Cotteswold  Sands,  which  has  been  placed 
in  the  Inferior-Oolite  series. 

The  author,  by  combining  the  Down-Cliffs  and  Chideock-Hill 
sections,  obtains  a  sequence  of  beds  from  the  Middle  Lias  to  the  top 
beds  of  the  Inferior  Oolite,  including  the  zones  of  spinatum,  commune 
and  falciferumf  jurehse,  opalinum,  Murchisona,  concavum,  and  Par^ 
kinsoni. 

The  genus  Dumortieria  binds  the  opalinum-  and  jurense-zonen 
together;  while  at  Symondsbury  Hill  the  author  has  found  Ludwigia 
Murchisona  and  Lioceras  opalinum  in  the  same  bed,  which  renders 
it  difficult  to  draw  a  line  of  demarcation  between  Lias  and  Oolite 
at  the  top  of  the  opalinum-zone. 

The  facts  adduced  in  the  paper  furnish  additional  evidence  of  the 
unreliability  of  a  grouping  which  depends  upon  lithological  appear- 
ances, and  it  was  because  no  satisfactory  line  could  be  drawn  between 
Lias  and  Oolite  that  the  author,  in  a  previous  paper,  supported  the 
continental  plan  of  grouping  Upper  Lias  and  part  of  the  Inferior 
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Oolite  under  the  tenn  Toaroian  upon  paladontologioal  grounds.  In 
the  present  paper  he  furnishes  further  statements  in  support  of  this 
view. 

2.  "  On  some  new  Mammals  from  the  Red  and  Norwich  Crags." 
By  E.  T.  Newton,  Esq.,  F.G.S. 

This  paper  contains  descriptions  of  mammalian  remains  from  the 
English  Pliocene  belonging  to  eight  species,  nearly  all  being  new  to 
the  Crags,  and  four  of  them  new  to  science.  A  remarkable  low- 
crowned,  but  broad,  lower  carnassial  tooth  from  the  Norwich  Crag 
of  Bramerton  is  referred  to  the  genus  Lutra,  and  named  specifically 
X.  Beevei.  All  the  other  specimens  noticed  below  are  from  the 
nodule-bed  at  the  base  of  the  Suffolk  Bed  Crag,  and  the  first  four 
of  them  are  in  the  possession  of  Mr.  E.  C.  Moor,  of  Great  Bealings. 
A  right  ramus  of  a  lu trine  lower  jaw,  differing  from  the  common 
Otter  in  having  the  hinder  fangs  of  the  premolars  much  larger  than 
the  front  ones,  and  agreeing  in  this  particular  with  the  Lutra  duhia 
of  De  Blainville,  is  referred  to  the  latter  species.  A  humerus  of  a 
Seal,  most  nearly  resembling  that  of  Phoca  vitulina,  but  of  smaller 
size  and  more  slender  proportions,  is  called  Phoca  Maori.  Another 
Seal's  humerus,  having  a  peculiarly  triangular  shaft,  is  thought  to 
belong  to  the  Phocanella  minor  of  Van  Beneden.  A  maxilla  with 
three  teeth,  evidently  belonging  to  the  genus  Trogoniherium,  but  of 
smaller  size  than  the  Trogontherium  Cuvieri,  is  believed  to  represent 
another  species,  and  is  named  T.  minor.  The  ziphioid  rostrum  in 
the  Ipswich  Museum,  which  received  from  the  Eev.  H.  Canham  the 
MS.  name  of  Mesoplodon  Floweri^  is  for  the  first  time  described ;  and 
another  rostrum  in  the  Museum  of  Practical  Geology,  characterized 
by  being  very  short  and  with  a  deep  boat-like  anterior  extremity,  is 
named  Mesoplodon  scaphoides.  The  peculiar  species  Ailurus  anglieui, 
hitherto  known  only  by  a  piece  of  a  lower  jaw  with  a  carnassial 
tooth,  is  now  further  illustrated  by  a  fine  upper  molar  recently 
presented  to  the  Museum  of  Practical  Geology. 

3.  "  On  Burrows  and  Tracks  of  Invertebrate  Animals  in  Palaeozoic 
Books,  and  other  Markings."  By  Sir  J.  William  Dawson,  LL.D.) 
X.R.S.,  F.G.S. 

This  paper,  which  is  illustrated  by  photographs  and  drawings, 
indicates  some  new  facts  in  connection  with  the  markings  pro- 
duced by  the  burrows  and  tracks  of  animals  and  by  other  causes. 
Busichnites  and  Crnziana  are  regarded,  like  Climaciichnites  and 
Protichnites,  as  representing  probable  burrows  of  Crustaceans  and 
Chaetopod  worms.  Scolithus  cauadenaia  is  shown  to  be  a  cylindrical 
burrow,  with  accumulations  of  earthy  castings  at  its  mouth.  The 
relation  of  these  burrows  to  the  forms  knows  as  Scotoliihua,  Astero* 
phycus,  Monocraterion,  and  Astropolithon  is  pointed  out. 

Under  the  new  generic  name  of  Sahellarites  the  author  describes 
certain  tubes,  composed  of  shelly  and  other  fragments  cemented  by 
organic  matter,  found  in  the  Trenton  Black-river  Limestone.  They 
resemble  the  burrows  or  tubes  formerly  described  by  the  author 
from  the  Hastings  and  Quebec  Groups,  and  appear  to  be  the  tubes 
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of  worms  allied  to  the  reoent  SaheUaricB  ;  but  they  are  liable  to  be 
mistaken  for  Alg»  of  the  genera  Falceophycua  and  Buihotrephia, 

Some  lai*ge  cylindrical  bodies  from  the  Potsdam  Sandstone  are 
described  as  having  been  supposed  to  be  trunks  of  trees ;  but  the 
author  regards  them  as  probably  concretions  formed  around  slender 
stems,  like  some  now  forming  in  the  alluvial  mud  of  the  St  Lawrenoe. 

Some  curious  combinations  of  worm-tracks  with  ripple-marks 
and  shrinkage-tracks  are  described ;  as  also  branching  or  radiating 
worm-trails,  which  present  some  resemblance  to  branching  Fucoids. 
Finally  the  author  described  the  formation  of  rill-marks  on  the 
mud-banks  of  the  tidal  estuaries  of  the  Bay  of  Fundy,  and  indicates 
their  identity  with  some  impressions  in  slabs  of  rock  which  have 
been  described  as  Fucoids  under  several  generic  names. 

4.  *'  Contact-alteration  at  New  Galloway."  By  Miss  M.  L 
Gardiner.     Communicated  by  J.  J.  H.  Teail,  Esq.,  M.A.,  F.G.S. 

A  description  is  given  of  an  alternating  series  of  grits  and  shales 
occurring  at  the  eastern  end  of  the  northern  edge  of  the  Cairnsmore 
of  Fleet  granite-mass.  The  rocks  here  are  generally  more  altered 
than  around  other  parts  of  the  granite  margin.  The  author  describes 
a  transverse  section  about  half  a  mile  from  the  granite,  and  traces 
the  changes  which  occur  in  the  rocks  when  passing  towards  the 
granite.  She  notices  (1)  the  extreme  variation  in  the  amount  of 
alteration  in  different  places,  but  at  the  same  distance  from  the 
granite ;  (2)  the  entire  recrystallization,  in  one  locality,  of  the 
shales  for  about  2  feet  and  of  the  grits  for  about  100  yards  from  the 
granite  margin ;  that  material  seems  to  have  travelled  through 
the  rock,  so  that  the  most  altered  grit  largely  consists  of  crystals, 
here  of  one  mineral,  there  of  another,  as  though  material  had  been 
conveyed  from  one  part  of  the  rock  to  another  to  form  small 
nests  ;  (4)  the  apparent  order  of  succession  of  the  minerals,  garnets 
rarely  containing  anything  but  colouring- matter  and  quartz,  chiasto- 
lite  containing  garnets,  and  bands  of  mica  sweeping  round  both; 
(6)  evidence  which  appears  to  the  author  to  indicate  dynamic  meta- 
niorphism,  as  furnished  by  the  sigmoidal  folding  of  knots  in  the 
shales  and  by  the  appearance  of  phenomena  suggesting  thrust-planes. 

The  author  considers,  however,  that  the  main  metainorphism  is 
due  to  the  intrusion  of  the  granite,  and  that  the  variation  in  the 
amount  of  alteration  at  the  same  distances,  the  mode  of  alteration 
of  the  grits,  and  the  transference  of  material  might  be  accounted 
for  by  the  passage  of  highly  heated  water.  Other  evidence  points 
to  the  changes  having  been  brought  about  slowly. 

Among  the  minerals  produced  in  the  contact- zone  are  secondary 
quartz,  felspar,  brown  and  white  micas,  chiastolite,  sillimanite,  and 
garnet,  their  modes  of  occurrence  being  described  in  detail,  in  rocks 
of  various  degrees  of  alteration  up  to  those  in  an  abnormally  high 
state  of  alteration  near  the  granite,  which  resemble  rocks  of  doubtful 
origin  in  other  localities. 
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PROCEEDINGS  OF  THE  COTTESWOLD  NATURALISTS'  FIELD  CLUB. 

Sir, — Over  the  familiar  initials  H.  B.  W.  appears  a  notice  of  till 
above  Club,  vol.  ix.  pt  iv.  (Geol.  Mao.  Dea  III.  VoL  YU^ 
p.  88).  A  large  part  of  this  notice  is,  I  am  sorry  to  see,  nooniliil 
iu  a  criticism  upon  my  system  of  nomenclature. 

Mr.  H.  B.  W.  is,  really,  not  complimentary  to  the  membeoni  of  Ai 
Cotteswold  Field  Club.  He  leads  us  to  imagine  that  they  aio  undUi 
to  cope  with  anything  which  has  not  been  thoroughly  approved  oC 
and  digested  by,  the  text-books,  not  as  if  one  were  writing  fiir 
scientific  men,  but  as  if  one  were  addressing  the  raw  stadeiiti  of 
a  newly-formed  Natural  History  class. 

Another  idea  which  H.  B.  W.  puts  forth  is,  that  there  shall  be 
really  two  systems  of  nomenclature — one  for  the  use  of  spedalists 
among  themselves,  and  the  other  for  the  consumption  of  stFatigFa- 
phists  and  general  readers.  Already  there  are  complaints  that  one 
system  is  enough  to  remember ;  now  we  are  to  have  two,  to  be 
varied  according  to  the  supposed  capacities  of  the  audience  I  What 
would  be  the  result  ?  The  stratigraphist  would  soon  be  unable  to 
comprehend  the  palaeontologist,  instead  of  being  gradually  educated 
up  to  him,  as  at  present 

I  can,  however,  throw  out  one  suggestion  whereby  all  authors 
can  help  the  general  reader,  namely,  by  differentiating,  in  lists  of 
fossils,  Brachiopoda,  Cephalopoda,  etc.,  by  the  use  of  those  terms  as 
headings ;  or,  sometimes,  by  indicating  smaller  divisions,  such  as 
Ammonites,  Goniatites,  Nautili.  The  general  reader  would  know 
X  then,  at  any  rate  within  some  limits,  to  what  an  unknown  generic 
name  applied.  This  suggestion,  however,  is  quite  as  necessary  to 
those  using  old,  as  to  those  employing  new,  generic  names. 

S.   S.   BUCKMAK. 


JOHN  EDWARD  TENISON  WOODS. 
One  of  the  pioneers  of  Australian  geology  has  passed  away  by 
the  death  of  the  late  Vicar-general  of  Adelaide.  Mr.  Woods  first 
settled  in  Australia  about  1857,  and  in  that  year  issued  his  pa})er, 
"  Observations  on  some  Metamorphic  Rocks  in  S.  Australia."  This 
was  followed  by  others,  "  Geological  Observations  on  S.  Australia," 
in  1862,  and  by  his  "Tertiary  Fossils  of  South  Australia,"  in  1865. 
His  greatest  work,  "  A  History  of  the  Discovery  and  Exploration  of 
Australia,"  was  published  in  1862,  and  besides  being  a  most  useful 
compilation,  it  contained  some  valuable  additions  to  Australian 
palaeontology.  In  1867,  in  a  paper  on  "  The  Glacial  Deposits  in 
Australia,"  he  made  the  first  attempt  to  prove  the  past  existence  of 
an  Ice  age  in  that  Continent.  In  later  years  Mr.  Woods  rather 
abandoned  geology,  but  he  did  much  good  work  on  the  recent 
niollusca  of  Australia  and  Tasmania.  He  was  also  interested  and 
wrote  occasionally  on  meteorology.  In  1880  he  served  as  President 
of  the  Linnean  Society  of  New  South  Wales.  He  died  at  Sydney 
on  the  9th  of  October,  1889. 
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desonption ;  the  side  walls  of  the  brain-oase  and  the  otio  oapsnle, 
though  evidently  osstfiedi  are  also  obscure;  a  small  post-frontal 
(Fig.  1,  !><•/•)  seems  to  be  present;  and  the  only  other  reoognisable 
oartilage-bone  worthy  of  note  is  the  robust,  triangular  prefrontal 
(Fig.  1,  pr.  /.),  which  constitutes  the  antero-superior  angle  of  the 
orbit.     The  interorbital  septum  is  apparently  unossified. 

The  membrane  bones  of  the  cranial  roof  are  much  crushed  and 
broken,  but  portions  of  the  long,  narrow  parietals  (Figs.  1,  2,  pa.) 
and  f rentals  (Fig.  1,  /.)  are  distinguishable,  the  former  and  the 
posterior  half  of  the  latter  displaying  a  superficial  tubercular  orna- 
ment. The  parietals  extend  to  the  occipital  border,  and  the  hinder 
part  of  their  median  suture  exhibits  a  very  deep  sinuosity  (Fig.  2). 
The  precise  limits  of  the  parietals  and  frontals  are  not  shown,  owing 
to  the  accidental  crushing  and  removal  of  the  middle  region  of  the 
skull.  On  either  side  of  the  parietals,  a  large  squamosal  ocean 
(Figs.  1,  2,  sq,)y  longer  than  broad,  and  with  a  slightly  excavated 
outer  border  into  which  fits  the  upper  margin  of  the  superior  post- 
orbital  :  it  is  superficially  marked  by  a  few  scattered  tubercles  and 
pittings,  and  a  transverse,  though  inwardly  and  backwardly  inclined 
groove  in  the  posterior  half  seems  to  indicate  a  sensory  canaL  On 
the  right  side,  partly  overlapping  the  anterior  extremity  of  the 
frontal,  is  a  well-preserved  nasal  (Fig.  1,  na.,  Fig.  3),  longer  than 
broad,  with  a  rounded  and  somewhat  fluted  posterior  margin,  and 
superficially  marked  with  a  few  rugosities  and  tuberculations:  at 
the  anterior  outer  angle  of  this  bone  a  small  narrow  smooth  prooeBS 
occurs,  distinctly  notched  at  its  base,  especially  on  the  inner  side,  and 
thus  marking  the  position  of  the  openings  of  the  olfactory  oapsule. 

The  hyomandibular  (Fig.  4)  is  exposed  on  the  left  side,  much 
vertically  elongated,  and  with  a  broad  mesial  expansion  posteriorly ; 
the  upper  extremity  is  scarcely  expanded,  the  anterior  margin  is 
slightly  concave,  and  a  prominent  longitudinal  ridge  occurs  upon 
the  anterior  half  of  the  outer  face  of  the  bone,  gradually  becoming 
obliterated  above  and  below.  Of  the  symplectic  and  quadrate  nothing 
is  recognizable,  and  the  only  element  of  the  pterygo-palatine  arcade 
identifiable  with  certainty  appears  to  be  a  portion  of  the  great,  broad 
metapterygoid  on  the  left  side. 

The  extremity  of  the  snout  is  broken  away,  thus  exposing  small 
plate-like  bones  in  the  anterior  part  of  the  roof  of  the  mouth,  covered 
with  a  cluster  of  slender,  conical  teeth  (Fig.  8)  :  these  are  evidently 
the  vomers,  and  may  perhaps  also  comprise  portions  of  the  palatines. 
The  premaxillffi  are  lost,  except  a  small  fragment  on  the  left  side,  which 
bears  a  conical  tooth  of  larger  size  than  those  of  the  inner  duster  jnst 
mentioned.  The  maxilla  (Fig.  1,  tnx.)  is  long  and  slender,  laterally 
compressed,  gently  arched  so  that  the  alveolar  margin  is  convex,  and 
more  than  twice  as  deep  behind  as  in  front ;  a  robust  inwardly- 
directed  process  extends  from  the  anterior  end  of  the  bone  to  abut 
against  a  portion  either  of  the  palatine  or  vomer ;  its  outer  face  is 
rugose,  but  not  tuberculated  ;  and  the  teeth  are  arranged  in  a  single 
close  series.  In  the  hinder  two-thirds  of  its  length  the  maxilla  is 
bounded  above  by  a  long  narrow  jugal  bone  (Fig.  l,ya.),  abruptly 
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truncated  behind  but  rapidly  tapering  to  a  point  in  front,  and  ^ith  a 
smooth  or  only  slightly  rugose  external  surface. 

The  mandible  is  much  crushed  and  the  symphysis  lost,  but  three 
of  the  elements  are  readily  distinguishable.  A  thin,  plate-like 
splenial  (Fig.  5,  sph)  occupies  the  inner  face,  and  is  provided  with 
small  teeth.  The  dentary  (Figs.  1, 5,  cL)  is  the  largest  bone  and  only 
shows  the  sockets  of  a  single  series  of  relatively  large  teeth  in  the 
anterior  portion  of  its  lengtSi :  it  is  relatively  deep  and  seems  to  have 
been  somewhat  bent  inwards  mferiorly.  The  hinder  border  of  the 
dentary  exhibits  a  re-entering  angle  into  which  fits  the  anterior 
pointed  extremity  of  the  well-developed  angular  bone  (Fig.  1,  ag,) ; 
this  element  being  longer  than  deep,  with  a  thickened,  smooth, 
ginglymoid  hinder  face  (Fig.  6),  probably  for  articulation  with  the 
inferior  extremity  of  the  preoperculum. 

The  teeth  in  both  jaws  are  round  in  section,,  relatively  long  and 
slender,  and  may  be  appropriately  described  as  styliform. 

The  membrane  bones  of  the  cheek  are  very  large  and  few  in 
number.  A  single  trapezoidal  bone,  narrower  above  than  below, 
occupies  the  greater  part  of  the  postorbital  region  (Fig.  1,  p/Op)  ; 
two  (or  perhaps  three)  smaller  postorbitals  bound  its  inferior  margin 
(p/.o.  ,,  g)  ;  and  there  is  a  trace  possibly  of  a  small  triangular  ele- 
ment at  the  hinder  end  of  the  maxilla  and  jugal  {x).  A  narrow  sub- 
orbital bar  {so,),  without  distinct  sutures,  extends  along  the  superior 
borders  of  the  jugal  to  a  single,  large  ovoid  plate  {ao,),  which  occu* 
pies  the  space  between  the  cranial  margin  and  the  anterior  third 
of  the  maxilla.  These  bones  are  externally  ornamented  in  part  by 
rugosities,  in  part  by  tuberculations. 

The  sclerotic  is  ossified,  and  fragments  are  seen  on  the  right  side 
(Fig.  1,  scler.). 

The  single  azygous  jugular  plate  is  very  large,  elongated,  and 
narrow,  about  two- thirds  as  long  as  the  mandible ;  and  immediately 
behind  it  are  the  remains  of  a  few  stout,  narrow  branchiostegal  rays, 
on  the  right  side  overlapping  a  fragment  of  the  oeratohyal.  The  pre- 
operculum is  shown  on  the  right  side  in  position  (Fig.  1,  p.op,), 
very  long  and  narrow  and  gently  arched ;  and  immediately  behind  is 
the  large,  quadrate  operculum  (op.).  The  suboperculum  and  inter- 
operculum  are  unfortunately  destroyed,  but  a  fragment  of  the  former 
is  seen  on  the  left  side. 

A  large  triangular  supratemporal  bone  (Fig.  1,  tt)  occurs  above 
the  operculum,  tapering  towards  its  apex  at  the  middle  of  the 
occiput.  A  small  supraclavicle  (a.  cL)  and  the  upper  half  of  the 
clavicle  (el.)  are  also  recognizable. 

The  vertebrae  of  Earycormus  have  already  been  described  by  Dr. 
von  Zittel,'  and  it  thus  suffices  merely  to  note  that  two  examples  of 
the  characteristic  form  (Fig.  7)  are  seen  in  the  hinder  portion  of  the 
fossil.  The  pleurocentra  (pL)  and  hypocentra  {hyp,)  are  distinctly 
separated  by  the  oblique  lateral  suture ;  and  the  inferior  element 
bears  a  lateral  articular  faoette  for  a  bone  of  the  haemal  arch. 

1  K.  A.  von  Zittel,  "  Handbuch  der  Palaeontologie  "  (1887),  p.  230,  fL§.  IVl. 
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On  comparing  tbe  head  of  Eurycormus,.  as  now  described,  with 
that  of  the  recent  Amia,^  there  will  be  found  to  exist  the  mof^t 
remarkable  similarity,  not  only  in  general  features,  bnt  even  in 
points  of  detail.  The  membrane  bones  are  all  similar  in  form  and 
arrangement,  and  the  majority  differ  little  in  relative  proportions ; 
tbe  dentition  is  identical ;  and  even  in  so  special  and  unusual  a 
feature  as  the  direct  articulation  of  the  preoperculum  with  the 
angular  bone  the  two  genera  under  comparison  exactly  agree.  The 
genus  EtirycormuB  has  already  been  placed  in  taxonomio  works  in 
the  same  great  group  as  the  existing  Amia ;  and  the  new  osteological 
facts  detailed  above  thus  tend  to  confirm  the  Accepted  determination. 


n. — Note    on    the    Gill-bakebs    op    Lebdsia  problbmatica—l 
Gigantic  Fish  prom  the  Oxford  Clay. 

By  A.  Smith  Woodwabd,  F.G.8.,  F.Z.8. 
(PLATE  X.  Figs.  9,  10.) 

AT  the  last  meeting  of  the  British  Association  the  writer  briefly 
described  a  remarkable  series  of  bones  of  a  large  unknown 
fish  from  the  Oxford  Clay  of  Peterborough,  preserved  in  the  col- 
lection of  Mr.  Alfred  N.  Leeds,  of  Eyebury.  The  name  of  Leeds* 
ichthys  prohlematicus  was  proposed  for  the  genus  and  species  thus 
indicated  ;  and  the  systematic  position  of  the  fish  remained  doubtful, 
owing  to  the  fragmentary  character  of  its  skeleton.' 

No  further  discoveries  of  importance  have  hitherto  been  made, 
but  an  opportunity  is  now  afforded  of  publishing  figures  of  two 
imperfect  gill-rakers  (PL  X.  Figs.  9,  10,  10a),  which  are  perhaps 
the  most  readily  recognized  and  characteristic  elements  of  the  fish 
in  question.  As  shown  in  side-view  (Figs.  9,  10),  each  gill-raker 
is  laterally  compressed,  slightly  expanded  at  the  basal  extremity, 
and  rarely  straight,  but  irregularly  bent  or  contorted.  The  surface 
is  coarsely  rugose,  and  one  long  border  is  rounded,  while  the  other 
is  cleft  by  a  longitudinal  median  funow.  The  rounded  border  is 
comparatively  smooth,  but  the  furrowed  edge  (Fig.  10a)  is  coarsely 
serrated,  a  series  of  short  oblique  ridges  terminating  in  points  on 
each  side. 

It  has  been  suggested  that  the  generic  name  may  be  conveniently 
shortened,  that  of  Leedaia  not  being  elsewhere  occupied.  The  writer 
hence  proposes  to  refer  to  the  fish  in  future  as  Leedsia  prohlematica, 

EXPLANATION   OF  PLATE  X. 

Fio,  \.  Euryeomiua  grandis,  A.  S.  "Woodw.;  head,  lateral  aspect,  two-thirds  nat 
size.  Kirameridge  Clay,  Ely.  [Woodwardian  Museum,  Cambridge.] 
Off.  angular,  ao.  antorbital.  el.  clavicle,  d.  dentary.  y.  frontal. 
ju.  jugal.  na,  nasal,  op,  operculum,  p.op.  preoperciUum.  /ml 
parietal,  pr.f.  prefrontal,  pt.f.  postfrontaL  pt.o  1-3.  postorbit&ls. 
8.el.  supraclavicle.  aeler,  sclerotic,  to,  suborbital,  »q,  squamosal. 
it.  supratemporal.  z.  doubtful  bone. 
„    2.  — ^^—  hinder  portion  of  cranium,  superior  aspect. 

^  R.  W.  Shufeldt,  "  The  Osteology  of  Amia  caha,''  Kep.  U.S.  Fish  Commission, 
1883,  pp.  747-837.  with  plates. 
»  Geol.  Mag.  [3]  Vol.  VI.  (1889),  pp.  461-463. 
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Fio.  3.  Eurycormui  gnrndU^  ri^ht  nasal  bone,  outer  aspect. 

„    4.  left  hjomandibular,  enter  lateral  aspect. 

„    5.  anterior  section  of  mandibular  ramus,    d,  dentary.    ipl.  spleniaL 

„    6.  posterior  end-yiew  of  right  mandibular  ramus,  lowing  gingly- 

moid  surface. 
„   7.  two  anterior  yertebrae,  lateral  aspect,    hyp.  hypocentrum.     pi, 

pleurocentrum. 
„    8.  ■  front  view  of  dentition  of  Tomers  (P  and  palatines). 

yt    9,  10.  Zeedaia  problematiea,  A.  S.  Woodw. ;   imperfect  nll-rakers,  side  yiew. 

Oxford  Clay,  Peterborough.    [Collection  of  Amed  N.  Leeds,  Esq., 

Eyebury.l 

10a.  edge  yiew  of  part  of  Fig.  10. 

Unless  otherwise  stated,  the  Figures  are  of  the  natural  size. 


III. — Notes  on  the  Geoloqt  op  Finland. 
By  B.  N.  Lucas,  B.A. 

A  ST  AY  in  Finland  of  some  months'  duration  (in  the  summer  of 
1885)  enabled  me  to  make  an  aoquaintance  of  oonsiderable 
intimacy  with  the  Archasan  rocks  of  that  very  interesting  district. 

Owing  to  the  kindness  of  two  prominent  members  of  the  Finnish 
Oeologicfid  Survey,  Prof.  Wiik,  who  was  good  enough  to  place  the 
valuable  collections  of  the  Helsingfors  University  Museum  at  my 
disposal,  and  was  constantly  ready  to  give  me  assistance  in  every 
way,  and  the  Hon.  A.  F.  Tigerstedt,  with  whom  I  traversed  some 
hundreds  of  miles  of  country,  I  succeeded  in  amassing  a  considerable 
number  of  observations,  which  it  was  at  one  time  my  intention  to 
collect  together  under  the  above  heading.  Since  forming  this  in- 
tention, however,  I  had  the  good  fortune  to  receive  the  later  sheets 
of  the  official  survey  with  the  accompanying  descriptions.  I  felt 
that  the  observations  of  an  individual  could  in  no  case  possess  the 
value  that  attaches  to  an  official  work  of  this  kind,  and  I  have 
therefore  abandoned  my  original  design.  The  plan  adopted  in  the 
following  pages  has  been  to  replace  the  observations  recorded  in 
my  note-book  by  details  drawn  from  the  sheets  of  the  survey.  My 
own  observations  have  merely  dictated  the  general  plan,  have  formed 
in  fact  the  mould  into  which  the  disconnected  data  drawn  from  the 
above-mentioned  sources  have  been  poured.  Those  data  themselves 
have  in  the  main  been  selected  from  the  survey  sheets,  and  may 
therefore  be  regarded  as  possessing  a  semi-official  stamp. 

An  attempt  has  been  made  to  introduce  some  uniformity  into 
the  nomenclature  adopted.  Thus  "gneissoid  granite,"  **  granitoid 
gneiss,"  "  granitoidite,"  etc.,  have  been  replaced  by  granite-gneiss 
and  gneiss-granite  respectively, — terms  to  which,  as  will  be  seen 
in  the  sequel,  a  very  definite  signification  is  attached ;  and  the  con- 
fusing term  '*  halleflinta  "  has  been  relegated  to  that  capacious  limbo 
which  has  already  received  the  "  greenstones  "  and  "  traps." 

I.  The  Abghjban  Sebieb. 

The  architectonio  relationships  of  the  fundamental  rocks  of  the 
country,  though  extremely  complicated  when  viewed  in  detail, 
present  when  considered  en  masse  some  general  characteristics  which 
may  be  of  use  in  assisting  the  reader  to  comprehend  the  structure 
of  the  region  as  a  whole. 
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The  central  lake  district,  comprised  roughly  speaking  by  a  polygon 
drawn  through  the  points  Heinola,  Tammerfors,  Jyvaskyla,  Kuopio, 
and  St  Michel,  is  mainly  of  eruptive  origin,  consisting  of  granites, 
syenites,  etc.,  of  Laurentian  age  that  have  pushed  their  way  throQgh 
the  gneisses  and  schists  that  surround  them,  and  are  very  likely  to 
some  extent  responsible  for  the  tremendous  crushing  and  crumpling 
which  the  latter  have  undergone.     The  "  rapakivi "  district  of  the 
extreme  south,  which  will  be  described  fully  in  the  sequel,  may  be 
regarded  as  in  some  sort  a  continuation  of  this  eruptive  area.    Bound 
this  region  are  arranged  the  foliated  members  of  the  Archaean  series, 
contorted,  folded,  reduplicated  and  turned  upside  down  to  any  extent, 
but  still  in  the  main  striking  with  considerable  regularity,  on  the 
west  side,  N. — S.  or  N.E. — S.W. ;    on  the  east  side  N.W.— S.E.; 
and  on  the  south  side  E. — W.     On  proceeding  to  walk  outwards, 
therefore,  from  this  central  granitic  district,  one  would  successively 
cross  the  edges  of  the  Laurentian  series,  meeting  first  with  the 
granite-gneiss  and  then  with  the  younger  gneisses  and  schists,  though 
the  exact  order  in  which  one  would  encounter  the  various  members 
is  often  confused  and  inverted  by  folding  or  reduplication.     In  the 
more  eastern  districts,  Earelen  and  the  country  north  of  Ladoga 
Lake,  one  would  eventually  meet  the  Huronian,  and,  further  east 
still,  the  Taconian  series.     Of  course  it  is  not  intended  to  be  under- 
stood by  this  that  the  eruptive  rocks  are  confined  to  the  districts 
above  indicated,  the  whole  of  all  these  series  being  much  pierced 
by  both  acid  and  basic  intrusive  rocks,  but  merely  that  within  this 
region  eruptive  rocks  predominate.     It  will  thus  be  seen  that  the 
geotectonic  structure  of  Finland  is  not  unlike  that  of  Switzerland 
during   the   Triassic   period — a    low   Archaean    district — composed 
centrally  in   the  main  of  granite   and   allied    rocks,   towards   its 
outskirts  of  gneisses  and   schists,  which  are  overlain  by  rocks  of 
comparatively  recent  geological  age.     Should  Finland  ever  be  raised 
into  a  great  mountain-chain,  which,  as  the  connti^  has  for  a  long 
time  been  continually  rising,  may  some  day  be  brought  to  pass,  this 
central  granite  area,  then  enormously  compressed,  would  probably 
take   upon  it   exactly  the  appearance    and  characteristics   of  the 
protogene  granite  of  the  Central  Alps,  and  the  gneisses  and  other 
members   of  crystalh'ne   and    sedimentary  series  would   be  found 
occupying  corresponding  situations. 

The  district  to  which  the  following  notes  principally  refer  lies  to 
the  south  of  this  central  granitic  region,  and  comprises  consequently 
the  older  members  of  the  ArchsBan  series. 

It  is  proposed  to  divide  the  subject  into  two  parts,  dealing  with — 
I.  Foliated  and  Crystalline  Eocks.     II.  Eruptive  Bocks. 

Foliated  Bocks. 

Granite- QneiBB.^ — This  is  the  name  now  generally  adopted  by 
the  Finnish  geologists  for  the  lowest  and  consequently  the  most 

^  Though  placed  under  the  heading  **  Foliated  Bocks**  granite-gneiss  should  more 
properly  be  described  as  "banded." 


*^i 
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ancient  member  of  the  Archaean  series.  Wherever  it  is  exposed 
to  view  it  appears  as  emerging  from  beneath  younger  Laurentian 
strata  which  have  been  deposited  directly  upon  it,  or  it  is  covered 
as  far  as  can  he  seen  conformably  by  the  younger  micaceous 
gneiss  into  which  it  passes  by  insensible  degrees.  Thus  in 
the  neighbourhood  of  Paajarvi  it  is  overlain  for  a  considerable 
distance  by  hornblende  gneiss  and  eunte,  from  which  it  is  sharply 
separated.  As  a  rule  it  is  much  pierced  by  intrusive  granite  of 
probably  similar  age,  which  has  found  its  way  in  between  the  layers 
of  the  granite-gneiss,  and  which,  having  taken  on  a  parallelism  of 
structure  through  the  influence  of  lateral  pressure,  is  often  on  super- 
ficial examination  hardly  to  be  distinguished  from  it,  and  has  then 
received  the  name  of  gneiss-granite.  The  mineralogical  composition 
of  granite-gneiss  is  as  a  rule  extremely  uniform,  consisting  in  vary- 
ing proportions  of  light  grey  and  grey  fatty-looking  orthoclase,  and 
white  pearly  oligoclase,  very  finely  striated  grey  to  white  transparent 
and  semi-transparent  quartz  and  black  mica.  At  times  a  certain 
amount  of  red  orthoclase  mingles  with  these  constituents,  causing 
the  rock  to  assume  a  reddish  colour,  and  in  the  neighbourhood  of 
the  above-mentioned  granite  masses  it  passes  over  completely  into 
the  red  oligoclase  gneiss-granite. 

Microscopic  sections  of  the  granite-gneiss  of  Southern  Finland, 
kindly  placed  by  Prof.  Wiik  at  my  disposal  during  my  stay  in 
Helsingfors,  were  found  to  display  with  marked  distinctness  the 
peculiarities  of  granite-gneiss  that  distinguish  it  both  from  ordinary 
granite  and  from  gneiss-granite.  The  crystals  of  quartz  and  felspar, 
particularly  of  the  former,  are  seldom  completely  developed,  but 
present  a  rounded  appearance,  suggestive  of  crystalline  aggregation 
about  originally  attrited  grains,  in  this  respect  resembling  strongly 
the  appearance  under  the  microscope  of  the  more  crystalline  Devonian 
*' grauwackes."  The  crystals  of  mica  are  usually  well  developed, 
and  do  not  in  any  way  present  peculiarities  similar  to  those  of  the 
felspar  and  quartz  crystals.  They  occasionally  give  evidence  of 
internal  movements  within  the  rock,  being  broken  across,  and  one  or 
more  of  the  fragments  being  transported  a  short  distance  in  a  direc- 
tion parallel  to  the  general  banding ;  but  there  are  no  long  streams 
of  mica  microliths,  as  is  observed  in  sheared  granites,  and  the  quartz 
and  felspar  crystals  fill  in  without  interruption  the  space  between 
the  mica  fragments.  This  would  seem  to  point  to  the  movements  in 
question  having  originated  during  a  pasty  or  semi-pasty  condition 
of  the  rock,  rather  than  to  eflfects  of  pressure  or  shearing  stress  in 
a  rock  perfectly  hard  and  crystalline  at  the  time. 

Qrey  Gneiss, — The  grey  micaceous  gneiss,  which  forms  the  next 
higher  member  of  the  series,  overlies  the  older  granite-gneiss  into 
which  it  often  gradually  passes,  as  in  the  neighbourhood  of  Borgnas. 
It  has  the  same  general  strike  as  the  gneiss-granite,  that  is  to  say, 
roughly  speaking,  E.  and  W.,  though  both  at  times  deviate  a  good 
deal  from  this  general  rule.  In  its  normal  condition  it  consists  of 
black  mica,  generally  white  felspar  and  quartz.  It  is  frequently 
much  cut  up  and  pierced  by  veins  of  granite,  as  for  instance  in  the 
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neighbourboad  of  Yihfjarvi,  where  it  is  so  mucb  impregnated  witb 
caloite  as  to  effervesce  when  treated  with  acid.  Not  far  from  Valkjarri 
Lake  it  is  bordered  by  hornblende  schists,  when  it  becomes  very 
rich  in  hornblende,  and  often  contains  magnetic  iron  ore.  At  times  it 
passes  into  a  fine-grained,  dark  grey  rock  resembling  a  felsitic  schist, 
and  occasionally  it  becomes  very  micaceous  and  contains  chlorite. 
Granite  veins  and  dykes  often  penetrate  it  to  a  very  great  extent, 
the  granite  running  through  the  gneiss,  the  gneiss  interbedded  with 
and  surrounded  by  granite ;  and  sometimes  large  fragments  of  gneiss 
have  been  broken  off  and  enveloped  in  the  eruptive  rock,  as  in  the 
district  around  Borgo  and  near  Mansikiri,  to  such  a  degree  that  it 
becomes  almost  impossible  to  say  whether  the  rock  should  be 
described  as  granite  or  gneiss. 

A  red  variety  of  micaceous  gneiss  occurs  at  a  few  spots,  as  for 
instance  near  Mdrskom,  where  it  strikes  E.  to  W.,  and  is  very  fine- 
grained, becoming  at  times  euritic,  and  consists  of  reddish-brown 
orthoclase,  yellowish- red  plagioclase,  grey  and  white  quartz  and 
green  mica. 

Both  varieties  of  micaceous  gneiss  are  at  times  very  rich  in 
garnet,  which  mineral  tends  to  replace  the  mica,  and  they  then 
become  red  and  white  garnet- gneiss,  as  at  Nurmijarvi  and  Koskis, 
which  at  times  (as  near  Loji)  growing  finer  in  structure  passes  into 
gamet-mica-schist 

A  graphit«-gneis8  has  also  been  observed  cutting  in  a  narrow 
band  through  a  hill  of  granite  near  Eukilu  church. 

In  contact  with  granite  the  gneiss  presents  a  series  of  phenomena 
interesting  in  their  irregularity.  In  some  cases  it  runs  along  the 
surface  of  contact  without  any  indications  of  being  affected  by  the 
contiguity  of  the  eruptive  rock.  At  other  times,  though  there  is 
nothing  of  the  nature  of  transition  from  one  rock  to  the  other,  and 
the  line  of  separation  is  sharply  defined,  the  gneiss  in  proximity  to 
the  granite  becomes  much  distorted,  and  then  generally  appears  of 
finer  grain.  Often  large  portions  are  broken  off  and  imbedded  in 
the  granite,  and  the  foliation  of  these  detached  portions  is  then  much 
contorted.  This  occurs  notably  in  Sibbo  Bay  on  the  south  coast.  A 
peculiar  facies,  which  is  doubtless  a  contact  phenomenon,  occurs 
occasionally  in  which  the  felspar  individuals  are  much  larger  and 
coarser,  and  the  whole  mass  becomes  porphyritic. 

These  varying  phenomena  may  in  all  probability  be  best  explained 
by  the  supposition  that  the  gneiss  was  in  some  instances  deposited 
directly  upon  solidified  granite,  in  others  it  has  been  subjected  to  the 
modifying  effects,  both  mechanical,  physical,  and  chemical,  of  a 
lengthened  contact  with  masses  of  granite  in  a  state  of  fusion. 
That  this  latter  state  of  things  prevailed  over  extensive  areas  and 
for  a  considerable  length  of  time  is  rendered  probable,  not  only  by 
the  phenomena  of  disruption  and  contortion  caused  by  the  intrusive 
action  of  the  granite  alluded  to  above,  but  also  by  the  gradual 
passage  of  grey  gneiss  into  gneiss-granite  not  unfrequently  observed, 
as  at  Nackskog. 

Microscopic  examination  has  occasionally  brought  to  light  the 
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occnrrenoe  of  magnesia,  mica,  and  mioroline  (in  specimens  from 
Horis  and  Sokkola). 

Hornblende- Oneisa  andEurite, — These  rooks,  which  together  form 
the  principal  member  of  the  Upper  Laurentian  series,  occur  almost 
always  together,  alternating  with  and  passing  into  one  another  to 
such  an  extent  as  to  necessitate  their  being  considered  in  conjunction. 
They  thus  form  one  stratified  system,  and  occur  as  in  the  neighbour- 
hood of  Eoskis  and  Hattina,  on  either  side  of  belts  of  granite-gneiss, 
which  they  overlie,  and  presumably  in  some  places  cover;  their 
strike  being  almost  always  parallel  to  that  of  the  latter  formation. 
All  the  members  of  this  series,  whether  containing  hornblende 
or  not,  present  a  more  or  less  fine-grained  appearance,  and  the 
bands  of  micaceous  gneiss  which  are  at  times  interbedded  approach 
very  closely  to  the  structure  of  eurite,  and  might  appropnately 
he  termed  eurite-gneiss.  Mineralogically  the  composition  of  this 
latter  rock  is  the  same  as  that  of  ordinary  gneiss,  white  ortho- 
clase  and  oligoclase  in  small,  weathered  grains  with  black  mica 
in  small  shining  laminaa,  and  small  white  transparent  grains  of 
quartz.  At  times  the  grain  is  so  close  that  the  rock  becomes  a  true 
eurite,  the  separate  minerals  composing  which  are  only  visible 
under  the  microscope.  It  always  contains  some  hornblende,  and 
passes,  as  the  amount  of  that  mineral  increases,  into  a  perfect  horn- 
blende-gneiss or  hornblende-eurite,  as  the  case  may  be.  Iron  and 
arsenical  pyrites  occur  in  considerable  quantities  as  accidental  con- 
stituents. In  certain  places,  however,  the  hornblende-gneiss  appears 
more  independently  and  less  interstratified  with  the  rocks  here 
described.  Such  is  the  case  to  the  south  of  Helsingfors,  at  Boe, 
and  in  Lill  Pemo  Bay  near  BorgL  Here  it  often  contains  a  quantity 
of  calcite  grains,  which  by  weathering  out  cause  it  to  acquire  a  very 
riddled  appearance,  and  it  is  much  intersected  and  broken  through 
by  granite  veins  and  dykes. 

A  specimen  of  the  rock  from  Boe  was  examined  microscopically 
byCastren,  who  says  :  "The  rock  principally  consists  of  hornblende 
and  felspar,  the  latter  generally  being  triclinio.  The  hornblende 
fonns  single  grains,  which  are  well  shaped  and  occur  as  dark  and 
light  varieties,  and  the  rock  sometimes  contains  small  quantities  of 
a  mineral  of  the  pyroxene  group.  A  section  of  a  small  crystal  of 
this  mineral  that,  having  grown  into  a  hornblende  crystal,  had 
fragmentary  crystallographic  surfaces,  showed  distinct  and  less 
distinct  pinakoidal  cleavage,  and  extinguished  polarized  light  in  a 
dii-ection  parallel  to  the  plane  of  cleavage,  the  plane  of  the  optic 
axes  being  normal  to  the  plane  of  most  perfect  cleavage.  Another 
section,  in  which  the  cleavage  planes  were  parallel,  showed  an 
extinction  angle  of  80^.  This  points  to  the  crystal  being  diallage. 
Prismatic  cleavage  was  not  perceptible  in  the  first  section,  and  in 
it  the  prism  was  more  developed  than  the  pinakoid.  Apatite  and 
derived  epidote  grains  occur  as  accidental  constituents." 

Another  specimen  from  Stigsbole  was  found  by  Castren  to  consist 
of  triclinic  felspar  and  hornblende  both  of  the  dark  and  light  green 
variety,  together  with  quartz  and  a  certain  amount  of  msigTi^%v^\siv^« 
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As  mentioned  above,  the  bornblende-gneisB  is  frequently  inter- 
sected by  and  interbedded  witb  granite  to  such  a  degree  as  to  render 
it  difficult  to  determine  which  rock  is  present  in  the  greater  quantity. 
At  Mortsjo,  one  of  the  many  places  where  this  phenomenon  oocun, 
the  plainly  stratified  hornblende-gneiss  passes  into  a  fine-grained 
indistinctly  foliated  rock,  resembling  a  syenitic  granite.  We  tbos 
have  here  a  case  that  is  in  all  probability  one  of  a  gneiss  meta- 
morphosed by  contact  with  a  granite  of  similar  age  to  itself,  a  fact 
which  certainly  speaks  strongly  in  favour  of  the  theory  that  gneiss 
was  originally  deposited  as  such,  and  has  not  reoeived  its  present 
constitution  exclusively  through  the  action  of  chemical,  thermic  or 
mechanical  metamorphism. 

Mica,  Hornblende,  and  Actinolite  Schiete  occur  at  many  different 
places,  although  not  in  such  a  manner  in  the  south  and  west  of  the 
country  as  to  entitle  them  to  be  considered  as  constituting  a  distinct 
formation.  On  the  contrary,  they  form  comparatively  thin  bands 
interbedded  with  gneiss,  into  which  they  often  gradually  pass.  The 
mica-schist,  the  passage  of  which  into  gneiss  is  most  frequently 
observed,  consists  as  a  rule  of  black  mica  and  greyish -white  quartz. 
Sometimes,  as  occurs  near  Hirvela,  thin  bands  of  mica-schist  are 
found  alternating  with  micaceous  gneiss,  the  layers  of  each  rock, 
however,  being  sharply  separated  from  each  other  in  such  a  way  as 
strongly  to  suggest  the  sedimentary  origin  of  the  whole.  More 
sparingly  bands  of  hornblende-schist  have  been  observed.  They 
consist  as  a  rule  principally  of  hornblende  and  some  black  mica,  in 
addition  to  which  red  ortboclase  and  white  plagioclase  are  occasionally 
tljough  seldom  found.  The  cleavage  is  generally  determined  by  the 
mica.  The  actinolite  schists  play  much  the  same  role  as  the 
hornblende  schists,  which  frequently  pass  into  them.  Under  the 
microscope  they  are  found  to  consist  in  the  main  of  actinolite  and 
quartz,  and  sometimes  contain  plagioclase  and  suggestions  of  chlorite. 
Copper  ore  is  frequently  to  be  observed  in  this  rock,  and  in  it  occur 
the  celebrated  copper  deposits  of  Orijarvi. 

NON-FOLIATKD    RoOKS. 

Qvartzites  and  Fihroltte  Qiiartzite. — Quartzites  occur  in  consider- 
able amount  throughout  the  whole  district  ;  seldom,  however, 
independently,  but  generally  interbedded  with  mica-schist,  which 
by  gradual  loss  of  mica  frequently  passes  into  it  The  quartzite 
at  times  seems  to  form  a  line  of  separation  between  the  mica- 
schists  and  limestone  strata,  especially  in  the  neighbourhood  of 
diorite  schists,  as  near  Orijarvi,  in  which  situations  it  is  often  sand- 
stony  in  appearance  and  fissile.  In  Tavastland  quartzite  occurs  on 
a  much  more  extended  scale,  forming  hills  of  sufficient  size  to  con- 
stituto  conspicuous  features  in  the  landscape.  Thus,  near  Turismaa, 
there  is  a  naiTow  elevation  some  three  miles  in  length  by  one  mile  and 
a  half  in  breadth,  composed  entirely  of  quartzite  stiiking  E.  andW. 
Under  the  microscope  this  rock  was  found  to  consist  almost  ex- 
clusively of  quartz,  with  a  thin  skin  of  weathered  iron  oxide.  A 
light-red  mineral — fibrolito — also  occurs  in  small  quantities,  but  is 
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nevertheless  present  in  snffioient  amount  to  give  the  whole  rock 
a  very  characteristic  appearance. 

Pyrargyllite,  hornblende,  and  tourmaline  occur  as  accidental  con- 
stituents. The  fibrolite  needles  are  sometimes  clustered  together, 
sometimes  arranged  radially  round  a  transparent  nucleus  and  usually 
pierce  the  quartz.  The  whole  rock  has  been  enormously  crushed 
and  sheared,  and  would  seem  in  every  way  to  resemble  closely  the 
quartzite  of  the  "  Pfahl "  in  the  Bohmer  WaJd  (described  by  Giimbel, 
'*  Ostbayerische  Grenzgebirge  ").  On  its  northern  side  it  occurs  in 
contact  with  a  peculiar  rock — a  kind  of  quartzite-gneiss  or  quartzite- 
breccia,  which  the  microscope  shows  to  be  a  hornblende-gneiss 
infiltrated  with  quartz.  It  has  been  thought  possible  by  several 
geologists  that  the  quartzite  of  the  '*  Pfahl "  may  be  of  eruptive 
origin.  There  is  much  to  favour  the  same  opinion  being  held  of  the 
Tavastland  quartzite.  Among  the  principal  grounds  which  may  be 
urged  in  its.  support,  the  occurrence  of  this  contact  alteration  of  the 
surrounding  gneiss  is  certainly  of  importance. 

Crystalline  lAmestonea. — The  crystalline  limestones  interbedded 
with  the  gneiss  formation  are  of  considerable  interest,  both  from  the 
regularity  with  which  their  strike  follows  that  of  the  gneisses, 
from  the  number  of  accessory  minerals  which,  as  is  usual  with  the 
Laurentian  limestones,  they  contain,  and  from  the  very  interesting 
contact  phenomena  with  granite  which  they  display.  The  rock  is 
generally  coarsely  crystalline  and  of  a  pure  white,  though  at  times 
it  passes  into  a  fine-grained  yellowish  marble,  as  near  Traskby. 
The  accessory  constituents  most  usually  found  include  felspar, 
augite,  serpentine,  graphite,  pyroxene,  malakolite,  condrodite,  and 
woUastonite.  The  latter  mineral  has  been  observed  near  Yttela, 
where  the  limestone  occurs  in  contact  with  eurite-gneiss.  Most 
generally  the  limestones  occur  completely  surrounded  by  granite. 
A  typical  contact  presents  the  following  features : — The  limestone  is 
coarsely  crystalline,  and  the  surface  of  contact  smooth  and  irregular 
in  outline ;  the  granite,  which  is  likewise  coarse-grained,  is  covered 
by  a  brown  talc-like  skin,  and  is  completely  free  from  any  veins  of 
limestone  projecting  into  it ;  the  skin  intervening  between  the  two 
permits  the  limestone  to  be  easily  pulled  apart  from  the  granite. 
At  times  a  band,  some  feet  thick,  of  white  oligoclase  intervenes 
between  granite  and  limestone,  and  the  granite  shows  a  disposition 
towards  parallelism  of  arrangement  owing  to  the  occurrence  of  layers 
of  biotite.  Near  Eaukelmaa  occur  some  small  bands  of  limestone 
surrounded  by  and  mixed  up  with  greyish  eurite  destitute  of  distinct 
strike — the  whole  apparently  being  a  fragment  uplifted  by  granite. 
The  coarsely  crystalline  structure  of  the  limestone  in  proximity  to 
the  granite  (as  above  described)  renders  the  opinion  tenable  and 
even  probable  that  the  latter  rock  has  been  deposited  from  hot 
springs  which  have  found  their  way  up  through  clefts  in  the  granite 
from  below.  Limestones  of  a  similar  kind  are  also  found  in  con- 
junction with  pegmatite  in  veins  penetrating  gneiss. 

{To  be  continued.) 
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IV. — On  Bbtnchoptous  Woodi,  Forbes  sp.,  from  the  English 

Plioosme. 

By  J.  Walter  Gbboobt,  F.G.8.,  F.ZS., 
of  the  Britiiih  Museam  (Natural  History). 

T^CBTNABACBNIUS  WOODI  was  founded  by  Forbes  in  his 
"Monograph  of  the  Echinodermata  of  the  British  Tertiaries"* 
on  two  fragments  from  the  Red  Crag  of  Suffolk ;  of  all  the  species 
described  in  that  work,  this  has  been  regarded  as  the  most  interest- 
ing and  problematical.  As  this  species  certainly  belonged  to  a  genus 
now  foreign  to  the  British  or  European  seas,  it  was  felt,  that  if 
its  correct  generic  position  could  be  determined,  it  and  Temnechinui 
would  indicate  the  true  affinities  of  the  Crag  Echinoderm  fauna, 
better  than  the  cosmopolitan  genera  with  which  they  were  associated. 

The  material  on  which  the  species  was  based  was,  however,  so 
imperfect  that  Forbes  prefaced  his  description  by  the  remark,  '*  It  is 
with  much  doubt  that  I  refer  the  following  fossils  to  this  genus," 
while  he  further  admitted  that  it  was  not  impossible  that  tbe  two 
fragments  might  belong  to  different  species.  Though  subsequent 
echinologists  have  expressed  doubts  as  to  the  correctness  of  Forbes's 
identification,  they  have  accepted  it  provisionally,  and  on  the  strength 
of  it,  Echinarachnius  has  been  generally  recorded  as  a  Pliocene 
genus ;  otherwise  it  has  only  been  found  fossil  in  the  Pleistocene 
deposits  of  Japan  and  Patagonia. 

In  spite  of  the  fact  that  the  diligent  collectors  of  Crag  fossils 
had  been  stimulated  by  Prof.  Forbes*  exhortation  to  seek  for  even 
the  smallest  fragments  of  this  species,  nothing  was  found  that  would 
elucidate  its  true  systematic  position.  The  first  advance  was  made 
by  Prof.  A.  Agassiz  in  his  report  on  the  Echinoidea  collected  by  the 
Challenger:'  from  the  evidence  afforded  by  Forbes'  figures  he 
therein  suggested  that,  while  the  more  perfect  specimen  was  probably 
part  of  either  a  Bhynchopygus  or  a  very  flat  Nucleolitea,  the  other 
(fig.  66)  belonged  to  a  Pourtalesian,  as  "  it  has  the  peculiar  snout 
thus  far  known  only  in  that  group." 

Prominent  attention  was  thus  directed  to  the  specimen  as,  had  this 
view  been  correct,  the  fragment  would  have  been  the  sole  fossil  repre- 
sentative of  the  Pourtalesiadas.  Prof.  F.  Jeffrey  Bell,  at  the  request  of 
Prof.  Sven  Lov6n,  made  a  careful  examination  of  the  specimens,  which 
had  then  been  acquired  by  the  British  Museum,  but  concluded  that 
they  were  too  imperfect  for  any  definite  decision  as  to  their  affinities 
to  be  made.  Professors  Loven  and  Bell  however  both  agree  that 
"  there  seems  to  be  no  reason  whatever  for  regarding  it  as  having 
been  part  of  something  like  a  Pourtalesia."  * 

While  recently  examining  the  collection  of  W.  J.  Lewis  Abbott, 
Esq.,  F.G.S.,  I  found  another  fragment  of  the  species,  and  as  this 
shows  the  structure  of  the  anal  area,  it  enables  its  generic  position 

^  Palfldontograph.  Soc.  1852,  pp.  12,  13,  pi.  ii.  figs.  5  and  6. 
»  «* Challenger"  Reports,  Zool.  vol.  iii.  No.  1,  p.  30,  1881. 
*  8.  LoT6n,  **  On  Paurtalesia,  a  Genus  of  Echinoidea,''  Kongl.  STenska  YetendL 
Bandl.  new  ser.  toI.  xix.  No.  7,  p.  86,  1883. 
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to  be  oonclasively  settled.  Mr.  Abbott  has  generously  presented  his 
specimen  to  the  British  Museum  (Nat.  Hist). 

From  the  three  specimens  now  known  a  tolerably  complete 
specific  diagnosis  can  be  compiled.  Prof.  Forbes'  larger  specimen 
shows  the  anterior  end  with  most  of  the  anterior  and  right  antero- 
lateral ambulacra,  a  long  sweep  on  the  right  side,  and  the  peristome. 
Mr.  Abbott's  specimen  is  the  posterior  end  of  an  individual  of  about 
the  same  size  as  the  former,  and  it  shows  the  projection  in  the 
second  figure  which  Prof.  Agassiz  regarded  as  the  snout  of  a  Pour- 
talesian,  to  be  the  supra-anal  rostrum  of  a  Bhynchopygua,  I  am  glad 
thus  to  be  able  to  demonstrate  the  correctness  of  Prof.  A.  Agassiz's 
shrewd  suggestion  in  regard  to  the  larger  of  the  fragments  figured 
by  Forbes. 

Prof.  Forbes'  reason  for  referring  these  specimens  to  Eehinaraehntu$ 
is  not  at  all  apparent.  This  genus  had  been  well  diagnosed  by 
Agassiz  and  Desor,^  a  few  years  before  Forbes  wrote,  and  his  own 
specimens  differed  from  this  in  nearly  every  particular.  The  absence 
of  actinal  furrows,  jaws,  internal  pillars  and  partitions ;  the  presence 
of  phyllodes ;  the  equality  of  the  ambulacra,  the  tumidity  of  the 
ambitus,  and  the  excentricity  of  the  peristome,  together  form  a  com- 
bination of  characters  which  necessitate  the  removal  of  the  species 
from  Echinarachnius  to  a  genus  of  a  different  order,  viz.  from  the 
Clypeastroida  to  the  Spatangoidea.  The  marked  fioscelle  shows  that 
it  belongs  to  the  Cassidulidae,  and  the  transverse  anus  and  supra- 
anal  rostrum  prove  that  it  belongs  to  the  genus  Bliynchopygus, 

The  following  specific  diagnosis  is  based  on  the  larger  of  the 
Bpecimens  figured  by  Forbes  and  on  that  found  by  Mr.  Abbott ;  the 
smaller  of  the  original  specimens  may  possibly  belong  to  a  distinct 
species,  as  it  is  somewhat  more  tumid  at  the  ambitus. 

Ehynohopygus  Woodi  (Forbes),  1852. 

Outline  seen  from  above  elliptical,  broadest  at  a  quarter  of  the 
length  from  the  posterior  end ;  the  supra-anal  rostrum  forms  a  con- 
spicuous projection  on  the  posterior  margin.  In  elevation  the 
species  is  seen  to  be  depressed,  with  the  apex  at  the  anterior  third  : 
the  anterior  margin  is  sharper  than  the  somewhat  tumid  lateral 
margin.  The  posterior  extremity  is  rendered  apparently  vertical 
owing  to  the  projection  of  the  rostrum. 


The  apical  disc  is  situated  at  the  vertex. 

Ambulacra  subpetaloid,   and  open  below :    flush  uith  the  test : 
pores  distant. 
Actinal    surface    concave    anteriorly,   but    bulging    posteriorly. 

^  CatalogiM  Bairnxm^  des  Echinides,  Ann.  Sou  Kat.  ZooU  ^^^  ^oVm.^^.  \^^  A'^Vl. 
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Mouth  anterior:  situated  in  the  deeper  part  of  the  depression. 
FioBcelle  well  marked. 

Periproct  wide  and  forming  a  deep  concavity  in  the  posterior 
margin :  it  is  protected  ahove  by  the  prominent  supra-anal  rostrum. 

Tubercles  small  in  impressed  areolas:  generally  uniform,  but 
largest  along  the  actinal  arecu 

DimensioM — Calculated  from  Prof.  Forbes'  type  (fig.  6). 

Length  ...        ...        ...        ...        .».  48  mm. 

Width :  at  apical  disc 34    „ 

„        maximam       ...        ...        ...  40    „ 

Height...  ...        ...        ...        ...  15    ,, 

Diatrtbutton — Coralline  Crag,  Layston  Road  Pit,  Aldborough  [Brit 
Mus.  E.  3207].  Red  Crag:  Bullock  Yard  Pit?*  The  locality  of 
the  type  specimens  is  doubtful.  Forbes  mentions  none,  but  Morris* 
attributes  the  species  to  Suffolk.  The  condition  of  die  specimens 
and  matrix  suggests  Walton-on-the-Naze. 

Affinities  of  the  Species — The  genus  Rhynchopygus  dates  from  the 
Cretaceous ;  from  the  species  of  this  system  and  from  the  Eocene, 
viz.  B.  marmini  (Desmoul.)  '  of  the  Maestrichtien ;  B.  pygnueus.  Dune, 
and  Slad.,  *  and  B,  calderi  (d*Arch.  and  H.*),  from  the  Ranikot  and 
Ehirthar  series ;  B,  navilteiy  Lor.,*  B.  ihehensis.  Lor.,  and  B.  zitteli, 
Lor.,^  from  the  Egyptian  Eocene, — B.  Woodi  may  be  readily  distin- 
guished by  the  greater  development  of  the  supra-anal  rostrum.  In 
this  species  it  extends  back  as  far  as  the  end  of  the  test,  whereas  in 
the  above  forms  it  occurs  but  as  a  more  or  less  slight  prominence, 
on  the  posterior  slope.  B.  siiUensis,  Lor.,'  also  from  Egypt,  differs 
in  its  thicker  margins  and  less  conical  abactinal  surface.  The 
remaining  species  of  the  genus,  as  at  present  limited,  are  two 
existing  American  forms,  and  with  these  B,  Woodi  is  more  nearly 
allied ;  £,  pacificus  (A.  Ag.)"  has  a  more  central  apical  disc  and  a 
different  general  shape,  the  posterior  side  being  more  sloping  and 
there  is  no  lateral  tapering  towards  the  anterior.  B.  caribbaarum 
(Lam.),*  found  also  in  the  Pleistocene  of  Guadeloupe  is  the  closest 
ally  of  B,  Woodi,  and  here  again  the  greater  prominence  of  the 
supra-anal  rostrum  in  the  latter  forms  a  ready  means  of  distin- 
guishing them. 

The  affinity  of   Bhynchopygus    Woodi  to   the    two    species  last 

1  A.  and  R.  Bell,  *'  On  the  English  Crags,**  Proc.  Geol.  Assoc.  London,  toI.  ii. 
1872   D.  197. 

»  Morris,  Cat.  Brit.  Foss.  2nd  ed.  1864,  p.  78. 

'  Desmoulins,  Etudes  sur  les  Echinides,  1837,  p.  360. 

*  Duncan  and  Sladen,  The  Fossil  Echinoidea  of  W.  Scinde,  Pal.  Indica.  ser.  xi?. 
Tol.  i.  (3)  fasc.  ii.  1882,  pp.  68-9,  pi.  xt.  figs.  6,  6. 

^  D'Archiac  and  Haime,  Description  des  animaux  fossiles  du  gronpe  nommulitique 
de  rinde,  t.  i.  p.  352,  pi.  xxx.  fig.  19.      Paris,  1863. 

>  De  Loriol,  Monographie  des  Echinides  contenus  dans  les  conches  nummulitiques 
de  PEgypte,  M6m.  8oc.  phys.  et  d'hist.  nat.  Gen&ve,  toI.  xxrii.  i.  p.  86-8,  pi.  ir. 
figs.  2-4. 

''  De  Loriol,  Eocaene  Echinoideen  aus  Aegypten  und  der  libyschen  Wiiste, 
PalsBontographica,  vol.  xxx.  (3)  pp.  18,  19,  pi.  ii.  figs.  9-*  12. 

^  Al.  Agassiz,  **  List  of  the  Echinoderms  sent  to  diiferent  Institutions  with 
Annotations,"  Bull.  Mus.  Coinp.  Zool.  vol.  i.  No.  2,  p.  27,  1863. 

'  Lamarck,  Hist.  nat.  anim.  S.  Vert,  p.  349,   1801. 
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referred  to  is  of  interest  as  it  serves  to  strengiben  the  resemblance 
of  the  English  Pliocene  Echinoidea  to  those  of  the  West  Indian  area. 
The  close  connection  between  the  echinoid  faunas  of  the  Tertiary 
deposits  of  the  AntiUes  and  of  the  Mediterranean  subregions  has 
been  frequently  insisted  upon,  notably  by  Prof.  Al.  Agassiz.^  Hence 
the  resemblances  noted  by  Forbes  between  the  Crag  species  and 
those  now  living  in  the  Mediterranean  do  not  diminish  the  more 
intimate  connection  of  the  former  with  the  present  West  Indian 
fauna. 

As  far  as  can  be  judged  from  our  present  knowledge  of  the  recent 
and  fossil  distribution  of  Bhtfnchopygua,  it  lived  in  the  seas  of  the 
Palsearctic  region  from  the  Cretaceous  to  the  Pliocene ;  about  the  latter 
period  it  migrated  westward,  for  R,  Woodi  is  apparently  the  last 
European  representative,  and  it  does  not  seem  to  have  been  recorded 
from  the  rich  faunas  of  the  West  Indian  Miocene.  It  now  survives 
only  round  the  shores  of  the  Mexican  and  Antillean  subregions  of 
the  Neotropical  region.  The  genus  is  in  fact  confined  to  the  littoral 
zone  of  a  tropical  sea,  and  it  is  difficult  to  see  how  it  could  have 
crossed  the  deep  and  cold  abysses  of  the  Atlantic  Hence  either 
the  European  Miocene  and  Pliocene  Echinoidea  must  have  migrated 
westward  along  a  belt  of  the  continental  zone  that  then  istretched 
across  the  temperate  regions  of  the  Atlantic ;  or,  the  Echinoid  fauna 
of  the  West  Indies  and  the  European  later  Tertiaries  must  have  both 
originated  from  one  that  occupied  an  area  of  comparatively  shallow 
sea  somewhere  in  the  North  or  Central  Atlantic. 


V. — On  Dtnamo-Mbtamorphism. 
By  the  Bb?.  0.  Fibubb,  M.A.,  F.G.S. 

I  HAVE  derived  much  help  towards  understanding  Mr.  Harker's 
instructive  letter  upon  the  above  subject  from  making  the 
following  simple  geometrical  construction. 


w 


wv 


H 
B 


w 


D  C     K  F 

Suppose  A  B  C  D  to  he  the  sectioQ  of  a  cube  of  the  contorted 
rock. 

For  simplicity  we  may  suppose  that  the  contorting  pressure  P  has 
been  met  by  a  fixed  abutment  at  A  D,  Suppose  that  in  the  process 
the  mass  B  0  F  E  has  been  forced  past  B  (7,  and  that  the  result 

^  "  Challenger,"  Rep.  Zool.  toI.  ii.  p.  30. 
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has  been  that  a  quantity  Q  A  B  Hot  rook  has  been  foroed  up  to  a 
height  to  above  its  original  level  A  B, 

Divide  the  distance  between  B  C  and  D  F  into  to  and  x;  « 
being  equal  to  the  height  to,  to  which  A  B  has  been  lifted.  Let  H^ 
be  the  weight  of  the  "  cover."  Then  the  work  done  by  P  upon 
the  original  mass  of  material  has  been  F  {w  +  x) ;  and  the  work 
done  by  the  material  in  raising  the  cover  has  been  Wu>,  Their 
difference  is  the  work  expended  upon  the  mass  O  D  C  H^  and  it  'u 
P  (fc  +  x)  —  TT  fc ;  or,  work  =  (P  —  IF)  to  +  Fx. 

Now  since  the  volume  B  O  equals  the  volume  B  K,  it  is  obvioui 
that  the  volume  K  E  has  disappeared  during  the  oompressioD. 
Hence,  Fx  expresses  the  work  of  condensation.  Consequently 
(P  —  W)  w  must  express  the  work  of  shearing  expended  upon  the 
rock. 

We  must  now  inquire  into  what  forms  of  energy  the  work  has 
been  converted.    And  first  of  the  work  of  shearing. 

This  is  converted, 

(1)  Into  the  potential  energy  implied  in  the  raising  of  the  centre 
of  gravity  of  the  mass  through  a  height  ^  to. 

(2)  It  is  employed  in  bending  and  breaking  the  rock,  and  over- 
coming friction.  Since  this  part  of  the  energy  is  not  reconvertible 
into  mechanical  work,  it  must  take  the  molecular  forms  of  heat  and 
chemical  action,  the  effects  being  most  concentrated  where  tbe 
mechanical  action  has  been  greatest. 

The  work  of  condensation  F  x  goes  wholly  to  increase  the  results 
of  (2) ;  but  the  distribution  of  the  effects  will  be  more  uniform  than 
of  those  caused  by  the  shearing. 

To  estimate  the  effect  of  the  "  cover"  we  observe  that,  as  the  cover 
is  increased,  W  is  increased,  and  of  course  P  must  also  be  increased, 
because  it  will  require  a  greater  force  to  lift  a  greater  mass  of  over- 
lying rock.  But  if  instead, of  rock  we  had  a  liquid  mass,  we  see 
that  if  F  would  lift  W,  P  +  Z  would  equally  lift  W+Z,  while, 
although  the  two  pressures  are  equally  increased,  their  difference 
remains  the  same.  It  seems  probable,  therefore,  that,  if  the  rigidity 
of  the  rook  were  to  remain  unaltered,  P  —  W  would  not  be  affected 
by  a  change  in  the  quantity  of  cover.  Hence,  the  work  of  a  given 
amount  of  shearing  expended  upon  the  mass  will  not  be  affected  by 
the  amount  of  cover,  except  in  so  far  as  additional  pressure  increases, 
by  closeness,  the  rigidity  and  frictional  resistance  of  the  substance, 
and  so,  when  W  is  increased,  requires  P  to  increase  at  a  more  rapid 
rate  than  W.  This  appears  to  be  a  reason  why  dynamo-meta- 
morphism  may  be  greater  at  greater  depths. 

Mr.  Harker  seems  to  be  of  opinion,  "  since  energy  not  lost  by 
conduction  must  be  absorbed  in  the  production  of  mineralogical 
changes,"  that,  where  there  is  little  hindrance  to  conduction,  such 
changes  will  be  smaller.  But  this  conclusion  does  not  follow 
unless  heat  longer  retained  is  rendered  conducive  to  mineralogical 
chemical  reactions  by  the  consequent  increase  of  temperature. 
Appropriate  elevation  of  temperature  will  no  doubt  help  to  promote 
chemical  reactions.   But  in  so  doing  does  the  heat  disappear  as  heat  ? 
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In  the  case  of  a  freezing  mixture  I  suppose  it  does  so,  but  such  a 
(»uBe  would  not  occur  among  minerals.  Some  geologists  think  that 
dynamo-metamorphism  takes  place  vid  heat ;  but  I  am  inclined  to 
think  that  the  eneigy  developed  by  the  work  upon  the  rooks  takes 
at  once  the  form  of  chemical  energy,  without  passing  through  the 
intermediate  stage  of  heat.  I  should  like  to  hear  what  is  thought 
on  this  question  by  those  who  know. 

In  the  case  of  the  Bude  rocks,  and  of  the  similar  series  at  Tenby, 
I  suppose  that  the  movement  took  place  at  the  same  time  as  that  of 
the  disturbance  of  the  Carboniferous  rocks  of  the  West  of  England. 
The  Poikilitio  series,  which  is  the  next  in  sequence,  has  not  partaken 
of  this  disturbance.  Hence,  it  is  possible  that  the  ''  cover  "  at  the 
time  of  tlie  disturbance  was  not  great,  and  this  will  go  some  way  to 
account  for  the  small  amount  of  metamorphism  observed  by  General 
McMahon.  Perhaps,  also,  the  argillaceous  beds  may  have  acted  as 
lubricants,  and  diminished  the  friction,  thus  reducing  the  magnitude 
of  the  force  P  —  TK,  and  the  corresponding  work  expended  on  the 
rooks. 

Ha&LTON,    CAMBaXJ>01. 


VI. — NoTB  ON  A  Pliocenb  Mammalian  Fauna  at  Olivola  in  the 
Uppeb  Yal  di  Maoba  (Pbov.  Massa-Cabbaba),  Italy. 

By  C.  J.  F0R8TTH  Major,  M.D. 

FOSSIL  Mammalian  remains  from  Olivola  were  already  known  in 
the  last  century.  Giovanni  Targioni  Tozzetti  describes  and 
figures  several  bones  from  that  locality,  which  he  refers  to  some 
species  of  Trichechus  or  Fhocay  but  which,  as  far  as  the  figures 
permit  of  a  judgment,  belonged  to  Kuminants.^  In  this  century, 
the  deposit  was  mentioned  by  Pareto,'  and  by  Cocchi,'  who  from 
stratigraphical  considerations  ascribe  it  to  the  Pleistocene. 

A  few  remains  from  this  locality,  collected  by  Prof.  Cocchi  and 
Prof.  CapelHui,  are  preserved  in  the  museums  of  Pisa  and  Florence, 
and  in  that  of  Bologna.  Riitimeyer  has  made  known  an  imperfect 
skull  of  an  Antelope  {FalcBoryx  Meneghinii,  Rutim.)  from  Olivola, 
preserved  in  the  Pisa  Museum.^  He,  too,  divides  the  opinion  of  the 
before-mentioned  Italian  geologists  as  to  the  geological  age  of  the 
deposit,  which  he  calls  an  Ossiferous  Breccia.  As,  however,  the  skull 
of  Antelope  in  which  he  recognizes  a  type  from  Pikermi,  points  to 
an  older  horizon,  he  supposes  it  to  have  been  floated  into  this 
"  Breccia  "  from  an  older  deposit 

*  GioTanni  Targioni  Tozzetti,  Relazione  d'alcuni  Yiaggi  fatti  in  diTorse  parti 
della  Toscana,  ed.  seconda,  t.  x.  1777,  pp.  386-395,  tav.  i. 

*  L.  Pareto,  Note  sur  les  subdivisions  one  Ton  pourrait  6tablir  dans  les  terrains 
tertiaires  de  TApennin  septentrional  (Bull.  Soc.  G60I.  de  France,  2®  serie,  t.  22. 
(S^noe  da  20  fdvr.  1865). 

>   *  I.  Cocchi,  L*Uomo  fossile  nell'  Italia  Centrale,  Studi  Palsenotologici  (Mem.  Soc. 
Ital.  Scienze  Natur.  vol.  iii.),  Milano,  1867,  pp.  34-36. 

^  L.  Riitimeyer,  Die  Kinder  der  Tertiaer-Epoche,  nobst  Y orstudien  zu  einer  natiirl. 
Gctchichte  der  Antilopen  (Abhh.  Schweiz.  Palseont.  Gesellsch.),  vol.  iv.  Zurich, 
1877, 1878,  fasc.  vii.  figs.  13,  14,  pp.  86,  87. 

OBOABB  m. — ^TOL.  Til. — KG.  YU.  ^Q 
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An  upper  jaw  of  Equus  from  this  same  deposit,  preserred  in 
the  Museum  of  Pisa,  has  been  described  by  me  as  Equu§  Stenmdi, 
Cocchi.  On  that  occasion  I  gave  my  reasons  for  retaining  it  as 
of  Pliooene  age,  relying  on  the  few  mammalian  remains  known 
at  that  time.^ 

During  the  autumn  and  beginning  of  winter  of  1889,  I  bad  an 
opportunity  of  undertaking  some  excavations  at  Olivola,  which 
brought  to  light  a  rich  Mammalian  fauna  of  undoubtedly  Pliocene 
age,  that  is,  contemporaneous  with  the  Yal  d'Amo  fauncu  I  was 
prevented  through  illness  from  terminating  the  work ;  but  the  results 
already  obtained  are  deserving  of  mention,  as  besides  some  quite 
new  forms  of  Antelope,  up  to  this  day  fifteen  species  have  been 
discovered,  most  of  which  are  components  of  the  Yal  d'Amo  fauna, 
and  are  represented  partly  by  much  more  complete  remains  than 
even  the  rich  Florentine  Museum  can  boast  of. 

Camtvora, — The  genera  Fdia,  MachairoduSy  Hyana,  Cania,  Urm 
are  represented.  The  remains  of  Felis  (two  crania,  two  lower  jaws 
and  several  leg  bones)  belong  to  a  large  form  which  may  be  pro- 
visionally referred  to  the  Felts  arvemensia,  Or.  et  Job. 

Machairodu8.  —Several  upper  canine  teeth  of  M.  cultridena,  Cut^ 
and  a  nearly  complete  hinder  leg. 

The  remains  of  flyana  belong  to  the  larger  Val  d'Amo  form,  named 
by  Weithofer  H,  rohusta ;  right  and  left  maxilla  of  a  young  individual, 
with  the  milk  dentition  still  in  situ;  several  lower  jaws,  and 
various  bones. 

The  remains  of  Cants  are  very  numerous,  and  partly  in  a  fine 
state  of  preservation.  Several  skulls  and  nearly  all  the  parts  of  the 
skeleton  have  been  secured.  The  majority  of  these  remains  belong 
to  the  species  described  by  the  present  writer  under  the  name  of 
Cams  etruscus ;  but  there  is  a  larger  form  too,  which  may  prove  to 
belong  to  Cams  Falconeri,  Major,  incompletely  known  at  present 

The  Ursus  etruscus,  Cuv.,  which,  as  well  as  all  the  other  forenamed 
Carnivora,  has  not  hitherto  occurred  frequently  in  the  Val  d'Amo,  is 
well  represented  at  Olivola  by  an  incomplete  skull,  various  upper 
and  numerous  lower  jaws,  besides  bones  of  the  skeleton. 

Rhinoceros  etruscus,  Falc. — A  complete  cranium,  with  adhering 
mandibula,  several  other  crania,  less  complete,  several  mandibulSy 
and  numerous  other  remains. 

Equus  Stenonis,  Cocchi, — Two  crania;  mandibulad ;  numerous 
bones. 

Mastodon  arvemensis.  Or.  et  Job.,  is  for  the  present  represented 
only  by  the  proximal  parts  of  a  cubitus  and  radius. 

Sus  Strozziif  Menegh. — A  skull  and  various  mandibulsB.  A  lower 
canine  tooth  of  Sus  from  Olivola,  deposited  many  years  ago  in  the 
Museum  of  Pisa  by  Prof.  Cocchi,  was  declared  by  Riitimeyer'  to  be 
indistinguishable  from  the  corresponding  canines  of  the  living  Sut 
scrofa.     A  comparison,  however,  with  the  lower  canines  of  living 

1  Forsyth  Major,  Beitraege  zur  Oeschichte  der  fossilen  Pferde  insbesondere  Italieni, 
liter  Theil.  (Abhh.  Schweiz.  pal»ontol.  Oesellsch.  toI.  vii.  1880,  pp.  124,  126, 
Taf.  iv.)-  *  loc,  ciL  p.  86. 
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and  Pliocene  species  shows  it  to  agree  exactly  with  the  latter,  the 
outer  plate  of  enamel  being  as  large  from  behind  forwards  as  the 
inner,  as  is  the  case  also  in  the  Siwalik  species,  and  in  the  living 
Su»  eelebensis,  Miill.  &  Schleg.,  and  Sua  verrueoaua,  Miill.  &  Schleg., 
from  Java,  whilst  in  Sus  scrofa  the  outer  side  is  very  narrow  from 
behind  forwards.  The  more  complete  remains  of  Sua  found  last 
year  at  Olivola  have  placed  beyond  doubt  their  identification  with 
Sua  Strozzii  from  the  Yal  d'Amo. 

Buminantia. — Numerous  pieces :  skulls,  jaws  and  other  parts  of  the 
skeleton  of  at  least  three  forms  of  Gervua,  the  largest  of  which,  in  the 
form  of  the  antlers,  comes  very  near  to  Cervua  dieraniuat  Nesti. 
The  other  cervine  remains  have  not  yet  been  satisfactorily  identified 
with  known  Pliocene  species,  their  preparation  not  being  as  yet 
advanced  enough. 

Of  Bovine  animals  the  deposit  has  yielded  several  crania  of 
a  hornless  form ;  one  incomplete  cranium  provided  with  horns ; 
besides  numerous  other  parts  of  the  skeleton. 

Since  Prof.  Riitimeyer  examined  the  remains  of  bovine  Euminants 
from  the  Yal  d'Amo  deposited  in  the  Florentine  Museum,  several 
valuable  pieces  have  been  added  to  that  collection.  These,  together 
with  the  skulls  discovered  at  Olivola,  have  been  lately  re-examined 
by  me,  and  the  result  is  that  I  in  some  respects  disagree  with 
Bdtimeyer's  views  on  the  subject  It  will  be  remembered  that 
Biitimeyer  placed  the  hornless  crania  of  the  Yal  d'Amo  in  the  genus 
Leptohoa  (Leptob.  Strozzii,  Riitim.),  represented  in  the  Siwaliks  by 
homed  and  hornless  (female?)  crania  of  the  Leptohoa  Falconeri, 
Riitim.,  and  in  the  Pleistocene  of  the  Narbada  Yalley  by  a  hornless 
cranium,  named  Leptohoa  Fraaeri,  Riitim.*  For  my  part,  I  cannot 
discover  any  differences  between  the  crania  of  "  Leptohoa  Strozzii  " 
and  "  Boa  etruacua"  besides  those  which  are  the  consequences  of  the 
presence  or  absence  of  horn-cores.  The  same  opinion  was  expressed 
by  me  many  years  ago,  when  I  declared  the  hornless  skull  in  the 
Florentine  Museum  a  mere  variety  of  **  Boa  etruaeua,*'  suggesting 
that  it  was  probably  the  female  form.^ 

As,  moreover,  the  differences  between  the  homed  crania  of  Leptohoa 
Falconeri,  Riitim.,  on  the  one  hand,  and  of  Boa  etruacua,  Falc,  on  the 
other,  which  have  induced  Riitimeyer  to  place  the  first  in  his  group 
of  the  Portaeina,  the  second  in  the  Bihovina,  are  not  marked  enough 
in  my  opinion,  there  being  several  transitional  forms  in  the  various 
known  crania  of  Leptohoa  Falconeri,  as  well  as  in  those  of  **Boa 
etruacua,**  the  only  way  of  resolving  the  question  seems  to  me  to 
include  all  the  known  remains  of  bovine  animals  of  the  Italian  and 
French  Pliocene  in  the  genus  Leptohoa,  The  synonymy  of  the  only 
species  therefore  runs  as  follows :  — 

Leptobos  slatus  (Croizet  sp.). 

1828.    Boa  elatut,  Croizet,  Coll.  Mus.  Paris. 

1854.     Boa  elatua  and  Bot  elaphua,  Pomel,  Catalogue  M6t1iodique. 

*  L.  Ratimeyer,  Die  Binder  der  Tertiaer-Epoche,  etc.,  p.  157,  seqq. 
'  Forsyth  Major,  Nageriiberreste  aus  Bohnerzen  Suddentschlands  und  der  Scbweiz. 
Faksontographica,  ii.  2  (xxii.),  1874,  p.  123. 
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1859.    Bot  etnueus?  Falconer  MS.,  cf.  Pal»<mtological  Memoin   and   Notes, 

ii.  p.  481. 
1866.    Bo$  {Bilxa)  ttruteut,  Riitimejer,  Yeisiich  einer  natiirL  Geschiohte  dea  Biadoi^ 

etc.  ii.  p.  71,  seqq. 
1874.    Boi  etruMcuMf  Foreyth  Major,  Kageriibefieste  ana  Bolmersen  Siiddentschladi 

und  der  Schweiz,  Palnontographica,  ii.  2  (zxii.),  p.  128. 
1877-8.  Boi  (Biboi)  etrmcuM,  Riitimeyer,  Die  Binder  der  Tertiaer-Epoche,  AbUu 

Schweiz,  Palfeont  Oes.  p.  164. 
1877-8.  Zeptoboa  Stro:xii,  Rutimeyer,  ib.,  pp.  167,  168,  173,  176. 

1884.  Bos  elatus^  Dep^ret,  NouTellea  etudes  but  lea  Ruminants  pliocdnea  et  qnalv* 

naires  d'AuTerjnie  (Bull.  Soc.  G^l.  de  France  3e  a^ne,  t.  zii  p.  247). 

1885.  Bo*  eJatua,  LydeULer,  Catalogue  of  the  Foaail  Mammalia  in  tne  Brink 

Museum  (Xsat  Hist.),  part  ii.  p.  19. 

The  Eodehtia  are  for  the  present  represented  only  by  a  laige 
incisor,  referable  to  the  genus  Castor. 


VII. — On  the  Base  of  the  Sedimentabt  Series  in  Englakd  ahb 

Wales. 

By  the  Rct.  Prof.  J.  F.  Blakb,  M.A.,  F.G.8. 

AS  Dr.  Callaway  has  asked  in  a  recent  Number  of  the  Geolooioal 
Magazine  ^  for  the  grounds  on  which  I  suggest  that  some  of 
the  volcanic  rocks  of  Shropshire  may  perhaps  be  classed  as  Cambrian, 
I  take  this  opportunity  for  bringing  before  your  readers  the  present 
state  of  the  inquiry  into  the  nature  and  classification  of  the  earliest 
sedimentary  rocks  in  this  country.  This  inquiry  has  been  spoken 
of  by  Dr.  Callaway  as  the  "  Archaean  controversy  " ;  but  we  must 
not  necessarily  call  everything  that  is  earlier  than  the  Cambnan 
*'  Archaean,"  any  more  than  in  old  days  it  was  right  to  call  every- 
thing Precarboniferous  '*  unfossiliferous  greywack^";  nor  should 
the  inquiry  be  considered  a  controversy  in  its  present  stage,  but 
rather  a  search  for  more  accurate  knowledge. 

Omitting  the  Chamwood  Forest  rocks,  and  the  Caldecott  ashes, 
about  which  there  is  little  definite  to  say,  the  areas  in  which 
Precambrian  rocks  have  been  described  are  —  1.  St  Davids; 
2.  Anglesey;  3.  North-west  Carnarvonshii*e ;  4c  Malvern;  6.  Shrop- 
shire ;  6.  Devonshire  and  Cornwall.  I  propose  to  point  out,  accord- 
ing to  my  view,  our  present  state  of  knowledge,  and  the  history  of 
its  growth,  in  each  of  these  localities. 

I.  St.  Davids  District. — It  appears  that  when  this  was  mapped  by 
Prof.  Eamsay,  before  1857,  he  recognized  below  the  basal  Cambrian 
conglomerates,  besides  a  mass  of  crystalline  rock,  a  series  of  more 
or  less  volcanic  detritus  and  lavas,  but  that  this  recognition  was 
never  published.  In  its  place  was  the  indication  that  the  latter  were 
"  altered  Cambrian."  In  1877,  however,  Dr.  Hicks,  considering  that 
the  Cambrian  conglomerates,  from  the  nature  of  their  contents,  and 
their  apparent  unconformity,  indicated  a  greater  break  than  had  been 
recognized  by  Prof.  Bamsay,  set  to  work  to  describe  the  underlying 
rocks  as  distinct  formations.  He  was  also  under  the  influence  of 
theories  of  metamorphism ;  but  whereas,  in  Prof.  Bamsay's  hands, 
these  theories  had  led  him  to  consider  lavas  and  etshes  as  the 

1  Gbol.  Mag.  Decade  III.  Vol.  VII.  p.  143,  1890. 
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altered  repreaentatives  of  ordinary  sediments,  in  Dr.  Hicks's,  the 
crystalline  masses  were  considered  as  stratified  rocks  whose  bedding 
liad  been  almost  or  entirely  obliterated.  In  his  original  paper 
(1877)  he  stated  that  the  "Dimetian  series,  near  St  Davids,  are 
chiefly  quartz-schists,  chloritio  schists,  indurated  shales,"  while  at 
Portblisky  ''the  quartzose  beds  are  less  altered,"  and  ''we  find 
massive  beds  of  calcareous  shale  and  chloritio  schists,  and  associated 
with  them  also  dolomitic  limestone  beds  several  feet  in  thickness." 
The  series  was  stated  to  have  a  constant  strike  to  the  south-east,  and 
to  be  15,000  feet  at  least  in  thickness— a  very  definite  description. 
The  "  Pebidian "  had  a  strike  nearly  at  right  angles  to  this,  and 
"consist  chiefly  of  indurated  shales,  often  porcellanitic  in  character," 
while  "  the  lower  beds,  resting  immediately  on  the  Dimetian  axis, 
are  hard  compact  conglomerates  chiefly  composed  of  masses  of  quartz 
and  altered  shale,  or  such  masses  as  might  have  been  derived  from 
the  underlying  rocks,"  and  on  the  west  side  the  appearance  of 
the  rocks  is  much  like  that  at  St  Davids,  but  there  is  a  larger 
proportion  of  greenish  and  purplish  schists  alternating  with  the 
compact  porcellanite  shales,  "  so  that  there  is  every  probability  we 
have  a  repetition  of  the  whole  series,"  and  "on  the  S.W.  of  Bamsey 
Island  the  beds  are  compact  porcellanites  like  those  near  St  Davids, 
and  the  bedding  is  also  easily  traced." 

Such  was  the  original  description — in  which  it  will  be  noticed 
that  there  was  not  a  single  word  about  granitoid  rocks,  quartz 
felsites  (except  as  a  dyke),  agglomerates,  or  volcanic  ashes. 

In  the  following  year,  however  (1878),  he  had  gone  over  the 
ground  again  in  company  with  Mr.  Hudleston  and  Prof.  Hughes, 
and  it  is  not  too  much  to  say  that  in  all  essential  features,  the 
lithological  description  of  the  rocks  were  entirely  altered,  so  that  it 
is  not  difficult  to  say  toho,  rediscovered,  so  to  speak,  the  volcanic 
aeries.  Kow  we  hear  that  the  Dimetian  consists  of  "  quartz  porphyries, 
fine-grained  quartz-felsites,  ashy  shale-like  rocks  (which  turn  out 
to  be  altered  basalts),  compact  granitic- looking  rock,  quartziferous 
breccias,  granitoid  quartz  schists  somewhat  chloritio,  schistose  bands 
which  are  also  basalts,  and  crystalline  limestone  bands."  Thus  the 
quartz  schists  turn  out  to  be  for  the  most  part  granitic-looking  rocks 
and  quartz  porphyries,  the  indurated  shales  are  basalt  dykes,  and 
the  dolomite  beds  several  feet  in  thickness  are  calcareous  infiltrations 
along  joints.  It  will  be  noted  also  that  the  quartz  porpyhries  and 
felsites  are  placed  at  the  base  of  the  series.  It  is  still  maintained, 
however,  that  the  whole  is  bedded.  Passing  to  the  Pebidian,  we 
now  hear  of  agglomerates  at  the  base,  felspathic  breccias,  indurated 
ashes,  volcanic  tuffs,  conglomeratic  and  ashy  beds,  a  thick  band  of 
felstone,  probably  a  contemporaneous  lava,  and  bright  green  ashes, 
in  addition  to  the  porcellanites,  schist-s,  and  conglomerates,  which 
alone  made  up  the  series  before.  Moreover,  the  beds  on  the  west 
are  not  now  repetitions  of  those  on  the  east,  but  higher  in  the 
series,  while  the  mass  in  Ramsey  Island,  instead  of  being  a  bedded 
porcellanite,  consists  of  felstone,  felstone  porphyry,  horustone,  and 
felspathic  breccias.  It  is  scarcely  possible  to  imagine  a  omv*^  ofimiAftko^ 
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change  of  desoription.  We  are  now  told  that  "the  general  likeness 
in  the  whole  series  to  a  group  of  voloanio  rocks  foand  in  more  reooit 
strata  is  most  marked,  especially  to  those  associated  with  the  Lower 
Silurian/'  a  remark  which  never  could  have  been  made  at  the  doee 
of  the  former  description.  Almost  the  only  statements  that  remain 
the  same  are  that  the  Dimetian  is  bedded,  and  that  the  Cambrian 
conglomerates  **  almost  invariably  for  the  most  part  consist  of  the 
fragments  of  the  rocks  on  which  they  lie." 

After  such  a  change  as  this  it  is  important  to  remark  that  the 
conclusion  Mr.  Hudleston  arrived  at  was  that  the  "Dimetian" 
represented  the  hypogene  condition  of  a  group  of  which  the 
"  Pebidian  "  was  the  surface  product — a  conclusion  which  n^atived 
any  bedding  in  the  former,  or  any  great  difference  in  age  between 
it  and  the  latter. 

A  year  later  Dr.  Hicks  visited  the  district  east  of  St.  Davids, 
and  examined  the  rocks  at  Roche  and  lYefifgam,  which  Murchison 
had  previously  described  as  felstones,  intrusive  into  the  Cambrian 
rocks  amongst  which  they  occur,  but  which  Dr.  Hicks  described  as 
bedded,  and  accepted  Mr.  Davies's  name  of  Halleflinta.  For  this  be 
created  a  new  group,  the  "  Arvonian,"  and  referred  to  it  the  quarte 
porpyhries  of  St.  Davids,  which  the  year  before  he  placed  at  the 
base  of  the  Dimetian,  but  now  placed  above  it  and  unconformable 
to  it,  without  giving  any  definite  reason  for  the  change. 

Dr.  Geikie's  examination  of  the  district  in  1883  gave  a  new  com- 
plexion to  the  whole  matter.  He  showed  that  the  whole  of  the 
•*  Dimetian,"  as  last  restricted,  was  nothing  but  a  granite  throughout, 
and  stated  also  that  it  was  intrusive  into  the  Cambrian.  In  the 
first  of  these  conclusions  he  was  supported  by  Prof.  Renard, 
and  by  all  subsequent  observers,  as  he  had  practically  already  been 
by  Mr.  Hudleston,  but  the  supposed  evidence  of  the  second  point 
has  not  been  considered  sufficient  for  its  proof.  The  quartz  poi'pbyries 
which  had  been  called  "  Arvonian  "  he  considered  as  apophyses  of 
the  granite ;  and  as  regards  the  "  Pebidian,"  while  accepting  the 
later  petrological  descriptions  of  Dr.  Hicks,  he  minimized  the 
separation  between  this  and  the  Cambrian  conglomerate,  and 
challenged  Dr.  Hicks  to  prove  his  statement  that  the  latter  is  chiefly 
composed  of  "  fragments  of  the  rock  on  which  it  lies."  This  Dr. 
Hicks  has  never  been  able  to  do,  seeing  that  the  most  marked  feature 
of  the  conglomerate  is  that  it  is  not  composed  of  such  fragments; 
instead  of  doing  so,  he  now  attempts  to  show  that  the  matrix  might 
have  been  derived  from  granitoid  rocks. 

My  own  observations,  while  coinciding  with  the  general  ideas  of 
Dr.  Geikie,  and  differing  chiefly  on  the  question  of  how  far  the 
granite  intrudes,  led  me  to  think  the  gap  between  Cambrian  and 
Pebidian  a  wider  one  than  he  admits.  Recently  Prof.  Lloyd  Morgan, 
going  over  the  same  ground,  brings  them  closer  together  again. 

As  to  the  "  Arvonian  "  in  its  typical  locality,  I  have  shown  that 
the  supposed  bedded  halleflinta  at  Roche  is  nothing  but  a  silicified 
andesite,  and  this  determination  has  been  accepted  by  Prof.  Bonnef 
and  others  and  thus — exit  Arvonian. 
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With  regard  then  to  the  St.  Davids  district,  the  net  resalt  of  past 
researches  amounts  to  this.  There  are  helow  the  Cambrian  con- 
glomerates a  series  of  bedded  rocks,  partly  of  volcanic  and  partly  of 
sedimentary  origin.  Associated  with  these  there  is  a  mass  of  granite 
which  is  bounded  in  many  places  by  quartz  porphyrites.  The  granite 
is  not  actually  seen  to  intrude  into  anything,  but  the  quartz  por- 
phyries may  be  either  its  apophyses,  or  a  later  eruption  which  is 
more  or  less  intrusive  into  both  it  and  the  volcanic  ashes.  The 
whole  of  this  group  is  distinct  in  character  from  the  Cambrian  rooks 
which  suooeed  (with  insignificant  exceptions),  and  there  is  an 
interval  of  time  between  them ;  but  of  what  amount,  or  of  what 
importance,  this  interval  may  be,  is  at  present  an  open  question, 
probably  not  to  be  settled  witbout  introducing  considerations  derived 
from  other  areas.  All  this  does  not  seem  to  be  more  than  might 
have  been  made  out  by  a  good  geologist  working  for  a  fortnight 
on  the  ground,  but  the  labour  that  has  been  spent  will  not  have 
been  thrown  away,  if  we  are  taught  caution  in  the  use  of  theories 
of  metamorphism  from  the  utter  failure  of  even  geologists  of  credit 
to  make  out  bedding  in  massive  crystalline  rocks  which  we  might 
as  soon  expect  to  discover  as  the  original  stratification  of  an  earthy 
iron  ore  in  a  bar  of  pig  iron  made  from  it 

To  the  series  thus  determined — whether  it  be  a  subdivision  of  the 
Cambrian  or  a  portion  of  an  anterior  system  of  rocks — the  '*  local 
name "  of  Pebidiau  rightly  belongs.  The  use  of  the  same  word 
for  any  minor  group  in  other  areas  depends  on  a  more  accurate 
correlation  than  has  yet  been  accomplished. 

2.  Anglesey. — In  his  earliest  classificatory  paper,  Prof.  Sedgwick 
placed  the  older  rocks  of  this  island  in  his  Lower  Cambrian  group, 
making  what  is  now  known  as  Cambrian  proper  his  Middle  Cam- 
brian, while  our  Ordovician  rocks  were  his  Upper  Cambrian.  In 
later  writings,  however,  he  excluded  the  Anglesey  rocks  from  the 
Cambrian,  which  he  then  made  to  commence  with  the  "  Llanberis 
slates."  In  deference,  however,  as  it  seems,  to  the  views  of  the 
Geological  Survey,  he  left  it  an  open  question  whether  the  Anglesey 
rocks  might  not  be  altered  representatives  of  some  part  of  his  Cambrian 
system,  though  it  is  obvious  that  he  did  not  of  his  own  accord  con- 
sider them  as  such.  With  regard  to  the  opinion  of  Prof.  Ramsay 
that  all  the  older  rocks  of  Anglesey  were  metamorphosed  represen- 
tatives of  the  Cambrian,  we  need  not  imagine  that  he  supposed  they 
were  the  very  same  beds  as  are  seen  on  the  mainland  continued  into 
the  island  in  an  altered  state,  but  that  he  found  no  line  of  demarc- 
ation between  them,  and  no  necessity  to  consider  them  of  a  different 
system,  but  rather  as  a  downward  extension  of  the  Cambrians  which 
were  here  entirely  metamorphosed.  Such  appears  also  to  have  been 
Sedgwick's  original  opinion  when  he  called  them  **  Lower  Cambrian." 
And  such  for  many  years,  in  deference  to  the  deservedly  respected 
teaching  of  Prof.  Ramsay,  they  were  held  to  be.  As  soon,  however, 
as  attention  began  to  be  turned  to  possible  Precambrian  rocks, 
Anglesey  was  naturally  thought  of.  Accordingly,  in  1878,  Dr. 
Hicks  examined  the  junction  of  the  granite  at  Llanfaelog  'm\.\i  \Xi<^ 
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overlying  oonglomerates,  and  found  that  the  latter  was  made  out 
of  the  fhigments  of  the  former.  In  the  same  way  Prof.  Hugbes, 
near  Llanerchymedd,  and  Mr.  Roberta  at  Penlon  and  Nebo,  found 
oonglomerates  at  the  base  of  the  so-called  "  Silurian."  From  the 
running  of  the  line  of  junction  on  the  Survey  map,  and  the  con- 
spicuous character  of  the  conglomerates  along  this  line,  it  is  obvious 
that  these  facts  were  perfectly  familiar  to  Prof.  Ramsay.  Why  then 
did  he  not,  like  Dr.  Hicks  and  Prof.  Hughes,  consider  them  to  prove 
the  Precambrian  age  of  the  granite  and  associated  rooks?  The 
answer  is  obvious.  He  mapped  the  oonglomerates  not  as  Cambrian 
but  as  Silurian ;  and  the  evidence  on  which  he  did  this  is  equally 
plain.  The  only  fossils  ever  obtained  in  the  rocks  which  lie  con- 
formably above  the  conglomerates  are  such  as  need  not  be  older 
than  the  Arenig.  It  is  true  that  at  Llanfaelog  there  is  a  good 
quantity  of  grit  between  the  fossils  and  the  conglomerate ;  but  this 
is  not  the  case  elsewhere,  and  we  do  not  know  whether  there  are 
any  strike  faults  here  or  not  It  is  therefore  an  entirely  ungrounded 
assumption  that  the  conglomerates  are  basal  Cambrian,  in  the  sense 
that  they  underlie  the  diminished  representatives  of  Menevian,  Lingula 
Flags,  and  Llanberis  slates.  Dr.  Hicks  has  therefore  in  no  way  proved 
that  the  rocks  are  Precambrian,  or  brought  the  slightest  evidence 
against  the  conclusions  of  Prof.  Ramsay.  The  first  real  evidence  of 
this  kind  is  that  supplied  by  Dr.  Callaway.  By  his  description  of  the 
rocks  and  demonstration  of  their  great  complexity  and  thickness,  he 
rendered  it  obvious  that  so  distinct  and  vast  a  group  could  not  be 
a  mere  downward  extension  of  any  other  group,  but  must  be  worthy 
of  a  place  apart.  If  any  place  apart  is  assigned  to  it,  this  must  be 
below  the  Cambrian. 

But  unless  we  can  show  an  unconformity  between  these  and  the 
true  base  of  the  Cambrian,  the  separation  remains  a  matter  of 
appreciation  only.  Fortunately  the  very  spots  where  Prof.  Ramsay 
read  continuity,  by  being  better  exposed  now  prove  unconformity. 
Thus  on  the  east  of  the  island  near  Beaumaris,  Prof.  Bonney  has 
shown  that,  the  lower  rocks,  which  are  continuous  across  the  island, 
and  of  the  same  general  character  as  the  rest,  axe  either  overlaid  by, 
or  are  faulted  against,  a  peculiar  group  of  stratified  rocks  largely 
composed  of  volcanic  materials,  and  by  tracing  it  further  I  have 
shown  that  the  junction  is  a  real  unconformity.  Now  these  upper 
rocks  are  continued  into  the  mainland,  and  there  we  learn  by 
stratigraphy  that  they  cannot  possibly  be  younger  than  basal 
Cambrian  in  the  most  extreme  sense  of  the  word.  From  whence 
it  follows  that  the  underlying  rocks  are  really  Precambrian.  It 
may  be  taken  therefore  as  settled  that  the  main  mass  of  the  schistose 
slaty  and  associated  rocks  of  Anglesey  belong  to  a  period  which 
antedates  the  Cambrian.  This  proved,  three  questions  still  remain,  is 
this  true  of  all  of  them  ?  do  they  form  one  system  or  several  ?  and 
can  any  part  of  them  be  correlated  with  the  rocks  of  St  Davids  ? 

In  answer  to  the  first  question,  Prof.  Hughes  has  pointed  oat 
that  in  the  Northern  district  the  beds  have  a  uniform  dip  to  the 
north,  and  near  the  summit  of  the  series,  as  thus  asoertained,  there 
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occurs  a  fossiliferons  band  containing  Orikides^  of  which  the  most 
obaracteristic  is  Orthis  Bayleana.  Prof.  Hughes's  own  solution  of 
the  difficulty  thus  arising  appears  to  be  that  this  is  here  a  continuous 
upward  sequence  from  the  Arenig  slates  which  occur  in  the  centre  of 
the  island.  This  ignores  the  great  fault  by  which  the  two  are 
separated,  according  to  every  other  obsenrer.  The  only  other 
solutions  at  present  suggested  are  either  that  the  fossiliferons 
bands  are  faulted  in,  or  that  the  fossils  are  really  characteristic 
of  the  Precambrian  series.  Against  the  former  solution  is  the 
fact  that  the  containing  rocks  are  just  like  the  rest  for  some 
distance  north  and  south,  and  that  no  fault  which  should  have 
the  required  effect  can  be  seen,  even  by  careful  observation  directed 
to  this  very  object,  in  the  adjacent  clear  coast  sections.  The  only 
recognized  faults  in  the  neighbourhood  let  down  narrow  troughs 
of  dark  shales  with  Llandeilo  Graptolites,  which  are  therefore 
younger  than  the  surrounding  mass,  and  not  older  as  they  should 
be  if  the  latter  were  of  Bala  age.  Still,  if  the  third  solution  be 
not  accepted,  the  next  most  probable  one  would  be  the  existence 
of  some  disturbance  not  as  yet  properly  understood.  The  third 
solution,  that  the  fossils  found  are  characteristic  of  Precambrian 
rocks,  seems  too  startling  at  first  to  be  entertained  at  all — Orthis 
in  Precambrians  I  Nevertheless  there  is  something  to  be  said  on 
this  point.  The  principal  and  in  fact  only  definitely  recognizable 
species  is  a  very  well  marked  one,  and  in  spite  of  the  abundant 
fauna  of  North  Wales  it  has  never  been  seen  there,  in  any  other 
locality.  I  have  compared  it  with  the  type  which  comes  from  near 
Wexford,  and  there  cannot  be  the  slightest  doubt  that  it  is  the  same 
species,  Orthis  Bayleana,  I  have  been  to  Wexford  to  try  to  learn 
its  true  position.  But  I  never  saw  such  a  jumble  of  rocks  as  are 
there  exposed ;  it  is  perfectly  hopeless  to  learn  anything  of  their 
position.  But  two  things  I  learned,  first,  that  this  species  nowhere 
occurs  in  the  true  slaty  Ordovicians,  which  are  not  many  miles  away, 
and  that  the  matrix  is  quite  different.  It  is  said  to  be  associated 
with  recognizable  Trilobites,  but  these  again  occur  in  an  entirely 
different  matrix. 

In  answer  to  the  second  question — whether  these  rocks  form  one 
system  or  several — Dr.  Hicks  replies  by  implication  that  there  are 
three,  since  in  certain  spots  he  thinks  to  recognize  bis  Dimetian, 
Arvonian.  and  Pebidian.  By  the  proof,  however,  which  I  have 
abundantly  given,  and  which  is  for  the  most  part  now  accepted,  that 
the  granite  referred  to  the  Dimetian  is  an  intrusive  rock,  these 
reduce  to  two;  but  as  no  detailed  observations  bearing  on  the 
question  have  been  published  by  this  author,  there  is  no  occasion  to 
discuss  whether  the  remaining  divisions  represent  real  groups. 

But  Dr.  Callaway's  description  is  directly  to  this  point  According 
to  him  there  are  two  distinct  groups,  the  "  gneissic  "  and  the  "  slaty." 
The  evidence  adduced  in  support  of  this  is  threefold.  I.  That  one 
of  the  "  slaty  "  rocks  contains  fragments  of  a  *'  gneissic  "  rock.  2. 
That  at  one  spot  a  rock  referred  to  the  slaty  group  contains  frag- 
ments  of  a  granite  referred  to  the  gneissic  group.     3.  That  the 
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lower  groap  is  mach  more  altered  than  the  npper.  He  affirms  also 
that  the  two  groups  are  always  brought  together  by  faults.  Two  of 
these  proofs  depend  upon  the  detailed  examination  of  isolated  spots 
or  rocks,  and  after  having  fully  examined  them,  I  have  elsewhere 
given  full  reasons  why  they  cannot  be  considered  satisfactory. 
With  regard  to  the  third  reason,  it  is  generally  true  that  the  lower 
part  is  more  gneissic  than  the  upper,  but  this  alone  will  scarcely 
be  considered  sufficient  to  establish  the  independence  of  two  groups ; 
nor  does  the  author  appear  to  lay  great  stress  on  this,  but  merely 
uses  the  terms  as  distinctive  descriptive  titles. 

My  own  researches,  which  have  been  pretty  exhaustive  in  every 
area,  with  the  exception  perhaps  of  the  granitic  portion  in  the  centre, 
have  shown  that  the  gneissic  portion  is  often  slaty,  and  the  slaty 
portion  often  gneissic ;  that  the  faults  by  which  they  are  supposed  to 
be  separated  cannot  in  most  cases  be  traced  in  the  field ;  and  that  there 
is  so  intimate  a  connection  throughout  between  one  part  and  another 
that  they  cannot  be  separated  into  two  systems,  though  a  more  or  less 
arbitrary  line  may  be  drawn  between  the  upper  and  lower  portion. 
Taken  altogether  they  form  so  vast  and  complicated  a  system,  as  first 
shown  by  Dr.  Callaway,  and  later  by  my  own  more  detailed  examin- 
ation (which  has  led  me  also  to  include  the  rocks  of  Howth  Hill  and 
Bray  Head  in  the  same  series),  as  to  be  comparable  in  extent  and 
variety  of  forms,  not  with  one  zone  of  the  Cambrian,  but  with  the 
whole ;  and  they  are  equally  worthy  with  it,  or  with  the  Silurian, 
of  distinct  recognition,  notwithstanding  that  it  is  at  the  present 
moment  doubtful  how  far  they  are  fossiliferous.  It  is  for  this 
reason  that  I  call  the  whole  the  Monian  system.  It  is  more  than 
probable  that  this,  like  every  other  system,  may  be  usefully  divided 
into  several  subordinate  members,  possessing  distinct  characters ; 
and  it  is  with  such  subordinate  members  that  any  of  the  groups 
elsewhere  established  amongst  Precambrian  rocks  will  have  to  be 
correlated,  if  they  really  correspond.  I  scarcely  feel  sure,  however, 
that  any  such  correspondence  has  as  yet  been  made  out,  whatever 
may  be  the  case  in  the  future.  Even  so,  however,  the  Monian  system 
is  no  rival  to  any  other  group,  being  more  comprehensive  than  any. 
It  has  been  objected  to  this  system  that  it  has  neither  bottom  nor  top. 
As  to  the  bottom,  this  can  only  be  definitely  fixed  by  finding  a  lower 
system  still.  At  present  it  is  the  lowest  system  in  the  area,  and  the 
earth  is  its  bottom  ;  and  if  any  other  is  found,  it  will  probably  be 
somewhere  in  the  Highlands  of  Scotland — but  not  in  Wales.  As  to 
the  top,  in  Anglesey  itself  this  is  defined  by  the  unconformable 
Cambrian,  but  the  fact  of  this  unconformity  shows  that  there  may 
be  higher  parts  of  it  elsewhere.  Such  a  higher  part,  for  instance,  I 
reckon  the  Bray  Head  rocks  to  be,  which  are  separated  from  Anglesey 
only  by  the  breadth  of  the  Irish  Channel.  It  has  also  been  objected 
that  if  it  is  distinct  from  the  Pebidian,  it  becomes  equivalent  to  the 
crystalline  schists,  and  as  such  requires  no  new  name.  This,  how- 
ever, is  to  misunderstand  its  nature  ;  it  is  only  partly  schistose,  and 
the  special  peculiarity  of  it  is  that  it  unites  in  one  sequence  true 
erystalline  schists  with  ordinary  sedimentary  rocks. 
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When  we  oome  to  the  details  of  the  development,  new  queetions 
arise.  With  regard  to  the  upper  part,  my  own  desoription,  if  some- 
what fuller,  agrees  essentially  with  that  of  Dr.  Callaway  ;  hut  with 
the  lower  part  this  is  not  so.  Dr.  Callaway  laid  down  a  scheme  of 
soooession  as  follows,  beginning  at  the  base: — 1.  Halleflinta;  2. 
Qaartz  schists ;  3.  Orey  gneiss ;  4.  Dark  schist ;  5.  Granitoidite ; 
every  one  of  which  were  regarded  by  him  as  altered  stratified 
deposits.  This  sequence  is  naturally  objected  to  by  Dr.  Hicks  as 
iuoonsistent  with  his  own  identifications.  According  to  my  own 
observations,  the  hallefiinta  is  of  no  stratigraphical  importance,  the 
granitoidite  is  an  intrusive  granite,  and  under  the  term  "  dark 
schists  "  have  been  included  two  distinct  groups  of  rocks,  the  truly 
stratified  ohloritio  schists,  and  the  finely  foliated  hornblende  schists. 
Eliminating  these,  the  remaining  sequence  between  quartz  schists, 
grey  gneiss  and  chloritic  schist,  agrees  very  closely  with  my  own 
arrangement  Dr.  Callaway,  however,  has  now  come  under  the 
influence  of  the  theory  that  foliation  is  produced  by  dynamical 
metamorphism,  and  this  leads  him  to  say  that  bis  ''time  succession" 
no  longer  holds.  How  far  the  above  arrangement  is  withdrawn  is 
not,  however,  quite  clear.  The  character  of  the  granite  and  halle- 
flinta  has  nothing  to  do  with  this  theory,  since  neither  are  foliated. 
In  the  case  of  the  hornblende  schist,  the  stratigraphical  evidence 
of  its  sporadic  development  and  its  intrusive  character  have  shown 
that  it  is  a  truly  igneous  rock  which  may  once  have  been  a  dolerite  ; 
but  the  same  evidence  is  entirely  wanting  in  the  case  of  the  chloritic 
schist  and  grey  gneiss,  some  of  which  latter  Dr.  Callaway  now 
regards  as  an  altered  felsite. 

The  third  question  relates  to  the  possible  correlation  of  parts  of 
this  series  with  rocks  elsewhere  described.  The  intrusive  granite 
has  been  called  Dimetian.  It  may  or  may  not  be  of  the  same  age 
as  the  granite  of  St.  Davids ;  the  only  connection  between  them  is 
that  both  antedate  the  Ordovician,  and  both  are  granites,  llie 
"  Hallefiinta  "  has  been  called  Arvonian ;  but  the  **  Hallefiinta  "  in 
Anglesey  has  no  resemblance  and  no  analogous  position  to  any  rock 
at  St.  Davids  or  in  Pembrokeshire ;  the  only  connection  between  any 
two  such  is  that  both  have  been  called  by  the  same  wrong  name, 
neither  being  typical  halleflintas.  All  the  rest  of  the  older  rocks  of 
the  island  were  at  one  time  caUed  Pebidian  by  Dr.  Hicks ;  they  cannot 
all  be,  and  nothing  is  more  certain  than  that  they  are  all  distinct 
from  the  Bangor  beds  of  Prof.  Hughes,  which  have  also  been  called 
Pebidian.  Prof.  Bonney,  in  his  British  Association  address,  clearly 
distinguished  the  two,  and  stated  that  the  Anglesey  rocks  were 
older  than  those  of  Bangor,  which  latter  he  referred  to  the  Pebidian. 
I  myself  originally  referred  the  volcanic  portion  of  the  Monian  to 
the  Pebidian,  and  called  it  the  **  St.  Davids  group," — a  correlation 
dependent  only  on  the  facts  that  both  are  of  volcanic  ongin,  and 
both  in  some  sense  Preoambrian  ;  but  the  rashness  of  such  a 
correlation  is  already  clear.  At  the  present  moment,  therefore,  none 
of  the  Precambrian  or  Monian  rocks  of  Anglesey  have  been 
definitely  identified  with  any  rocks  elsewhere. 

(Tf  Ar  coftcimkd  in  our  next  Number,) 
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YIII. — Notes  on  the  Pbobable  Origin  of  Some  Slates. 

By  W.  Matkard  Hutchinob. 
{Ooneiuded  from  page  273.) 

IN  the  deposits  previously  described  what  takes  plaoe  appears  to 
be  about  as  follows.  The  larger  flakes  of  biotite  undergo  an 
alteration  which  largely  produces  epidote,  and  not  improbably 
granular  rutile,  though  this  is  not  at  all  proved.  Crystals  of  rutile 
very  rarely  result  duriug  the  process.  Such  of  the  iron  of  the  biotite 
as  is  not  combined  in  the  epidote  (which  is  strongly  coloured)  is 
removed  in  solution,  some  of  it  being  deposited  again  as  limonite 
diffused  throughout  the  deposit,  and  some  taking  part  in  the  forma- 
tion of  the  thin  bands  of  ironstone,  being  precipitated  as  carbonate. 

Saline  solutions  dissolve  and  carry  away  part  of  the  silica ;  finally 
the  whole  of  the  constituents  of  the  mineral  are  broken  up,  partly 
removed  in  solution,  or  diffused  among  the  other  materials  of  the 
deposit  Of  the  titanic  acid  contained  much  is  probably  removed  in 
solution  jointly  with  the  silica,  and  this  dissolved  titanic  acid  may 
most  likely,  as  Thiirach  suggests  is  the  case  in  some  sandstones  and 
other  sedimentary  rocks,  supply  by  re-precipitation  (by  means  of 
carbonic  acid  or  otherwise)  and  crystallization,  the  material  for  the 
secondary  crystals  of  anatase.  It  may  also,  diffused  through  the 
mass,  take  part  with  the  titanic  acid  of  the  smaller  fragments  of 
biotite  in  yielding  the  countless  small  crystals  of  rutile;  and  we 
may  very  reasonably  ascribe  to  it  partly  also  the  formation  of  the 
thin  plates  of  micaceous  ilmenite. 

The  flakes  of  muscovite  of  anything  like  noticeable  size  do  not 
appear  to  undergo  any  sort  of  change,  so  far  as  these  particular 
deposits  are  concerned. 

The  small,  and  very  small,  flakes  and  shreds  of  biotite  appear  to 
undergo  an  alteration  which  differs  in  many  ways  from  that  suffered 
by  the  larger  bits,  and  which  seems  to  depend  not  merely  on 
ordinary  attack  by  water  and  by  saline  solutions,  but  to  be  also,  and 
more  largely,  brought  about  by  chemical  inter-action  between  the 
biotite  and  other  minute  materials  with  which  it  is  deposited  in 
intimate  contact.  This  fine  mixture  of  biotite,  muscovite,  kaoline, 
the  minutest  waste  of  felspar,^  and  in  less  degree  of  quartz,  and 
probably  other  substances,  under  the  joint  action  of  pressure,  warmth,, 
and  mineral  solutions,  gives  rise  to  various  decompositions  and  re- 

*  The  experiments  of  Daubr6e  (Geolo^e  exp^rimentale,  1879)  on  the  effects  of 
the  mutual  attrition  of  fragments  of  granite  in  water,  are  of  Tery  great  interest  and 
bear  strongly  on  the  special  point  here  in  question.  It  is  to  be  particularly  noted 
that  he  shows  how  comparati?eIy  rapidly  the  felspar  is  reduced  to  the  condition  of 
the  finest  mud  ('*limon**);  ana  further,  that  the  felspathic  mud  so  produced  has 
not  been  simply  reduced  mechanically  to  powder,  but  has  been  ckemieally  act^  upon 
to  a  noticeable  extent  in  a  relatively  short  time.  The  felspar  has  given  up  some  of 
its  alkali  to  the  water  and  has  become  hydrated  by  taking  water  into  combination. 
The  granite  used  in  these  experiments  was  fresh  and  its  felspar  not  weathered. 

This  fine  mud  of  hydratea  felspar,  so  fine  as  to  remain  suspended  in  water  several 
days,  and  depositing  as  a  plastic  mass,  is  in  just  the  condition  for  rapidly  undergoing 
chemical  changes  and  acting  powerfully  upon  the  minute  fragments  of  biotite,  etc., 
"^th  which  it  is  intimately  mtermingled. 
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combinations,  whicli  resalt,  among  other  things,  in  the  formation  of 
new  mica,  with  the  separation  of  titanio  acid  in  the  form  of  rutile. 

Into  these  reactions,  whatever  may  be  their  exact  coarse,  even  the 
muscovite  in  very  fine  state  of  division  appears  to  enter ;  and  there 
is  good  reason  to  conclnde  that  in  fine-grained  sediments  of  suitable 
composition,  exposed  long  enough  to  the  necessary  conditions  as 
to  pressure,  temperature  and  percohition  of  solutions,  an  almost 
complete  regeneration  of  the  ''paste"  to  mica  can  and  does  take 
place,  and  that  this  regenerated  materia],  under  intenser  dynamo- 
metamorphic  action,  is  converted  into  some  of  the  forms  of  micaceous 
slates  known  to  us. 

The  mica  so  formed  is  probably  what  in  its  more  advanced  stages 
of  development  is  often  known  as  "  sericite."  This  is  usually  stated 
to  be  only  a  special  form  of  muscovite,  but  the  term  is  really  rather 
vague.  Bosenbusch  points  out  that  some  of  the  **  sericites  "  of  the 
phyllites  show  strikingly  small  optic-axial  angles,  and  that  probably 
more  than  one  substance  is  included  in  the  term.  This  would 
follow  naturally  from  the  mode  of  origin  seen  in  these  clays  and 
shales,  the  proportions  of  the  various  ingredients  of  the  deposits 
being  liable  to  vary  considerably.  We  are  still  very  ignorant  as  to 
the  exact  composition  of  the  micas,  and  the  relationships  of  their 
optical  and  chemical  properties. 

Whether  we  call  this  newly-formed  micaceous  mineral  sericite,^ 
or  leave  it  nameless,  we  may  take  it  to  be  highly  hydrated,  and  it 
seems  justifiable  to  assume  that  it  contains  magnesia  as  part  of  its 
constitution.  In  these  fireclays,  though  no  trace  of  biotite  may  be 
visible  to  the  most  careful  microscopic  search,  magnesia  is  nearly 
always  present,  and  usually  to  an  extent  which  would  answer  to 
a  considerable  percentage  of  biotite  of  the  kind  usual  in  granites. 

Thus,  in  a  list  of  analyses  quoted  by  Percy,  magnesia  ranges  up 
to  1*21  per  cent.,  and  a  fair  average  may  be  given  as  about  0*75  per 
cent.  For  a  comparison  we  may  place  this  against  analyses  of 
granite,  taking  for  instance  those  given  of  British  granites  by  Teall 
(British  Petrography),  where  the  maximum  of  magnesia  is  2*48 
per  cent,  the  Skiddaw  granite  containing  1*08  per  cent  One  fire- 
clay examined  by  me,  with  no  trace  of  visible  biotite,  contained,  by 
most  exact  determination,  0*95  per  cent  magnesia. 

If  we  now  come  to  consider  some  of  the  older  slates, — the  roofing- 
slates  of  Wales  and  Cornwall, — it  seeips  that  much  of  what  we  have 
been  able  to  observe  in  progress  in  the  clays  and  soft  shales  of  the 
Coal-measures  finds  considerable  application,  and  throws  light  on 
some  important  points.  Thus,  not  one  of  these  slates  which  I  have 
studied  contains  any  trace  of  original  biotite ;  and  most  of  the  Welsh, 
and  all  the  Cornish  (from  Tintagel,  Delabole  and  district)  contain 
varying,  and  mostly  large,  amounta  of  rutile,  in  just  the  same  form 
and  mode  of  dissemination  as  the  fireclays. 

^  Although  ''sericite  '*  is  now  stated  to  be  only  a  form  of  muscovite,  and  the  use 
of  the  term  is  open  to  some  objections,  it  will  still  be  well  to  follow  Bcnard,  who 
elects  to  continue  its  employment  when  writing  of  mica  having  the  special  physical 
characters  which  it  shows  in  the  class  of  rocks  now  under  discussion. 
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Both  the  questionB — why  never  any  hiotite,  if  we  are  supposed 
to  have  in  these  slates  only  consolidated  and  cleaved  original 
deposits? — and  whence  all  the  evenly  diffused  rutile?^ — appeared  to 
me  to  need  explanation  till  I  examined  less  advanced  stages  of 
presumably  similar  deposits. 

In  many  Welsh  slates  epidote  is  abundant,  and  in  some  of  them 
just  such  clusters  of  plates  are  seen  as  I  have  above  described.  In 
others  it  is  more  often  in  larger,  more  solid  lumps.  We  might 
expect  great  pressure  to  frequently  solidify  such  groups  of  plates  and 
grains;  and  of  course  epidote  may  be  present  from  other  sources 
than  original  biotite. 

The  base  and  main  constituent  of  all  these  slates  is  a  small- 
grained  mica,  mostly  lying  flat  in  the  plane  of  cleavage  of  the  rock. 

I  do  not  think  it  would  be  going  beyond  what  is  warranted  if  we 
were  to  conclude  that  markedly  rutiliferous  slates  had  resulted  from 
deposits  originally  containing  much  biotite;  that  slates  showing 
these  platy  pieces  of  epidote  had  formerly  contained  good  large 
flakes  of  biotite;  while  slates  containing  little  or  no  epidote,  no 
coarse-grained  quartz,  felspar,  etc.,  but  rich  in  mtile,  were  formed 
from  such  fine  deposits  as  we  see  in  the  finest  of  the  fireclays. 
Again,  slates  with  but  very  little  or  no  rutile  may  have  resulted 
from  deposits  free,  or  almost  free,  from  biotite ;  but  when  grains  of 
quartz,  etc.,  indicate  that  the  deposit  was  more  or  less  coarse-grained, 
it  is  still  possible  that  biotite  was  present  in  large  flakes,  which,  as 
we  saw,  do  not  give  rise  to  rutile  directly ;  and  if  epidote  were  seen 
in  the  forms  described,  this  supposition  would  receive  considerable 
support. 

llie  other  things  seen  in  the  clays  and  shales  are  still  to  be  found 
in  the  slates ;  the  small  plates  of  micaceous  ilmenite  (sometimes 
here  in  perfect  hexagonal  form),  the  numerous  crystals  of  tourmaline, 
etc.,  etc. 

Many  of  the  Welsh  slates  are  much  more  ferruginous  than  any  of 
the  fireclays,  whether  by  original  deposit  or  subsequent  infiltration, 
and  this  ferric  constituent,  under  dynamic  action,  has  resulted  in  the 
countless  transparent  red  scales  of  specular  iron  which  give  the 
colour  to  the  various  red,  purple,  etc.,  slates.  Others  are  as  free 
from  iron  as  any  fireclay  of  the  Coal-measures,  and  all  the  Cornish 
slates  are  remarkably  free  from  it. 

A  large  part  of  the  Welsh  slates  contains  numerous  original 
quartz-grains  of  various  sizes,  and  felspar  may  be  still  recognized 
in  some  cases,  fresh  enough  to  give  the  optic  figures.  Small  grains, 
both  of  quartz  and  felspar,  are  seen  in  some  slates  to  be  blending 
away  into  the  surroimding  mass. 

1  We  are  indebted  to  R^nard  (**  Rechercbes  snr  la  compositioii  et  la  stroctnre  des 
pbyllades  Ardennais,"  BnlletiD  da  mus^  royal  d'bistoire  natorelle  de  Belgique, 
1882-1883),  for  a  series  of  yeir  careful  analyses  of  pbyllites,  many  of  which  very 
closely  resemble  those  of  North  Cornwall. 

In  ten  analyses  the  titanic  acid  present  varies  from  2*28  p  c.  to  0*18  p.c,  the 
average  being  1*20  p.c. 

In  the  same  analyses  maenesia  ranges  from  2*35  p.c.  to  1*13  p.c.  Combined 
water  is  mostly  between  3  ana  4  p.c,  the  maximum  (unusual)  being  4*94  p.c 
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In  no  slate  from  Tintagel  district  have  I  detected  a  single  grain 
of  original  quartz,  nor  any  felspar.  Secondary  quartz  is  not 
uncommon,  and  all  cracks  are  filled  with  veins  of  it  Even  where 
no  sign  of  it  is  seen  with  the  microscope,  analysis  shows  that  more 
silica  is  present  than  could  he  accounted  for  in  the  mica,  eta  Thus 
one  such  sample  from  Tintagel  quarry  contained  603  per  cent,  of 
silica,  showing  that  an  excess  of  that  substance  is  diflfused  in  some 
form  among  the  other  components. 

These  Cornish  slates  appear  to  have  undergone  far  more  dynamic 
metamorphism  than  the  Welsh,  and  we  should  expect  the  obliteration 
of  original  grains  of  the  deposit  to  have  been  more  complete. 
From  the  almost  total  absence  of  epidote  from  the  typical  slates  of 
Tintagel  and  Delabole,  the  smallness  of  the  zircons  (the  one  remnant 
of  original  deposit),  and  the  large  amount  of  rutile,  I  would  infer 
that  they  were  laid  down  as  a  very  fine  silt  indeed,  of  granitic  origin 
mainly. 

In  all  these  slates,  Welsh  or  Cornish,  however^  the  proportion 
and  the  size  of  the  other  constituents  may  vary,  the  fundamental 
base  of  mica  is  much  the  same  in  nature  so  far  as  can  be  made  out 
with  the  microscope  alone.  I  am  unable  to  ascertain  that  any  of 
the  roofing-slates  contain  any  residue  which  could  be  identified  with 
the  granular,  impure  '*  kaolinitic  "  material  of  the  clays  and  shales. 
All  this  is  apparently  altered,  the  processes  seen  in  progress  in 
those  earlier  stages  of  metamorphism  having  been  completed  under 
the  much  longer  and  more  intense  dynamic  action  which  the 
slates  have  undergone,  clastic  muscovite  having  also  nearly  totally 
disappeared. 

This  action  has  resulted,  among  other  things,  in  dehydration,  the 
combined  water  in  slates  being  very  much  less  than  in  shales  and 
clays,  however  micaceous  these  may  be.  This  combined  water 
ranges  about  4  to  5  per  cent,  in  slates.  It  is  often  double  and  more 
in  fireclays  and  shales. 

So  far  as  I  am  aware,  we  are  not  in  possession  of  any  exact 
knowledge  as  to  the  chemical  constitution  of  the  mica  forming  the 
base  of  the  slates,  and  it  would  not  be  easy  to  obtain,  owing  to  the 
difficulty  of  isolating  any  of  this  mica.  We  have  an  immense  mass 
of  analyses  of  "  clay-slates  "  in  bulk,  and  magnesia  figures  in  nearly 
all  of  them.  Thus,  in  80  analyses  discussed  by  Bischof  (Chemische 
und  physikalische  Geologic),  it  ranges  from  a  trace  to  11*71  per 
cent.  This  maximum  is  quite  exceptional,  a  good  average  would  be 
from  about  0*7  to  between  2  and  3  per  cent  Many  slates  contain 
chlorite,  which  may  account  for  the  magnesia  in  some  cases,  but 
many  do  not  contain  that  mineral,  or  only  very  slightly.  That 
magnesia  is  present — that  the  materials  for  biotite  are  contained  in 
the  slates — is  shown  also  by  the  plentiful  formation  of  that  mineral, 
which  is  such  a  usual  accompaniment  of  contact  metamorphism,  and 
which  also  often  takes  place  in  advanced  dynamic  metamorphism. 
I  have  not  seen  this  dynamo-metamorphic  biotite  in  any  of  my 
Welsh  specimens,  but  it  is  strongly  developed  in  some  of  the 
Cornish,  and  slightly  in  many.    It  is  interesting  to  see,  in  among 
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the  biotite  and  quartz  of  contact-slates,  the  abundant  rutile-needles 
of  the  original  slates  {e.g,  Shap,  Skiddaw). 

It  may  be  noted  that  the  chlorite  which  is  so  plentiful  in  some 
Welsh  slates,  and  in  most  of  the  Cornish  roofing-slates  and  allied 
material,  appears  to  be  wholly  of  later  date  than  the  rutiliferons 
sericitic  mica,  and  in  many  cases  to  be  due  to  subsequent  deposit 
from  infiltrations,  such  chlorite  never  showing  any  inclosed  rutile, 
ilmenite,  etc 

In  other  cases,  however,  it  appears  to  be  due  to  the  more  advanced 
stages  of  dynamic  action,  being  then  intergrown  or  twinned  with 
muscovite,  vertical  or  more  or  less  highly  inclined  to  the  cleavage 
of  the  slate.  In  this  manner  of  occurrence  it  sometimes  contains 
rutile,  and  notably  so  in  some  Tintagel  rocks. 

The  white  mica  which  is  formed  with  or  without  chlorite  (or  with 
ottrelite  at  Tintagel)  lying  otherwise  than  with  the  cleavage,  appears 
to  be  true  muscovite.  It  is  present  in  some  Welsh  slates,  absent 
from  others,  and  very  abundant  in  nearly  all  the  Cornish  slates, 
being  always  rich  in  inclosed  rutile.  It  can  all  be  seen  to  be  due 
to  later  stages  of  dynamic  action  than  that  which  arranged  the  main 
mass  of  the  mica  in  one  plane. 

It  may  be  well  to  bear  in  mind  that  though  opinion  is  now  mainly 
in  favour  of  the  belief  that  the  mica  of  such  slates  as  we  have  been 
considering  is  mainly  or  wholly  secondary,  and  produced  in  situ,  there 
is  one  very  great  authority  on  the  subject  who  arrived  at  a  quite 
opposite  conclusion  after  much  research.^     Dr.  Sorby,  in  his  address 

^  At  about  the  same  date  as  Dr.  Sorby's  address,  Pfaff  published  a  paper  on  some 
more  recent  clay-slates  (**Petrographische  Untersucbuneen  iiber  die  eocanen 
Thonschiefer  der  Glamer  Alpen,"  Sitzungsbericht  der  K.  Bayer.  Akad.  der 
Wissenschaften,  1880).  The  examination  of  these  slates  and  shales  showed  a 
« surprising  amount  of  resemblance  to  the  Paleozoic  clay-slatee"  down  to  the 
presence  oi  the  '*  clay-slate  needles.'*  Pfaff  arrives  at  the  same  conclusion  as  does 
Sorby  as  to  the  slates  being  simply  compacted  original  sediments ;  but  while  Sorby 
seems  to  have  formed  this  opinion  from  the  study  of  the  slates  simply,  and  from 
some  reasoning  as  to  what  might  be  looked  for  as  a  result  of  disintegration  of  granites 
and  other  rocks,  Pfaff  bases  his  verdict  more  on  the  fact  that  he  has  studied  clays  of 
various  ages  (including  Carboniferous,  Triassic,  Jurassic,  and  Tertiary),  in  all  of 
which  he  sees  the  microlites  (rutile)  and  the  micaceous  base,  as  in  the  slatt^. 

If  the  result  of  a  full  study  of  clays  and  shales  were  to  convince  the  observer  that 
the  rutile,  etc.,  and  the  micaceous  base  are  all  original  deposit,  then  the  very  great 
similarity  in  these  respects  of  clays  and  slates  would  go  far  to  compel  the  adoption 
of  the  same  conclusions  as  are  advocated  by  Sorby  and  Pfaff. 

As  shown  above,  the  key  lies  in  the  selection  for  study  of  clays  whose  exact  and 
direct  origin  can  be  pretty  clearly  demonstrated.  In  such  clays  I  do  not  consider  it 
is  possible,  in  view  of  all  the  characteristics,  to  look  on  the  rutde,  tourmaline,  mica, 
etc.,  as  of  clastic  origin. 

Pfaff*s  paper  is  abstracted  and  criticized  by  Rosenbusch  (Neues  Jahrbuch  fiir 
Hin.  etc.,  1881),  who  expresses  very  decidedly  contrary  opinions  to  those  of  Pfaff, 
stating  that  he  nolds  the  cardinal  point  as  to  the  question  of  the  formation  of  slates 
to  lie  m  the  large  amount  of  mica,  from  which  he  concludes  that  chemical  processes 
have  played  a  large  part.  ''Gewiss  wurde  das  Material  zu  den  Thonschiefem 
mechanisch  herbeigefiihrt,  der  Mineralbestand  aber  der  vorwiegend  glimmerhaltigen 
und  felspathfreien  Abtheilung  derselben  ist  gewiss  dnrch  metamorphe  Procesae 
bedingt.'^ 

In  dealing  with  the  same  question  on  a  previous  occanon  (Die  Steigor  SchiaCer, 
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as  President  of  the  Geological  Society  in  l^^O  t'QJ.G.S-  t:L  xxxtL  • 

stated  that,  though  he  had  at  first  looked  upon  this  mica  as  Koi-ndaiy. 
he  was  finally  of  opinion  that  the  main  micaoeocs  Ci:n«i:aer::  of  the 
Welsh  slates — the  mass  of  small  flakes  lying  parallel  to  the  cl<^Taze 
—is  not  secondary,  but  is  dimply  the  oompactel  material  of  the 
original  deposit  Dr.  Sorby  stated  that  he  con»idere«i  :L&:  the  mica 
of  granites,  etc.,  "except  in  special  cases,  where  much  inn  is 
present,'*  is  not  liable  to  fall  to  pieces  by  weaiherin?  »o  as  to  yir'.i 
the  small  flakes  seen  in  slates.  He  looks  upon  this  §mall  m'oa 
as  derived  from  fine-grained  micaceous  felsires.  whereas  ••  o'jarse- 
grained  granites  and  felspathic  felsites,  eren  when  very  micaoe*:^&. 
could  yield  only  kaol initio  clays." 

''  Deposits  mainly  composed  of  inert  substanoes  like  qnanz.  x&ici, 
and  kaoline,  can  undergo  little  further  change,"  though  be  cr/n- 
siders  that  felspar  may  decompose  after  deposit,  giving  rise  to  q^anz 
and  opal.  He  admits  that  the  crystals  of  mica  which  are  not 
parallel  to  the  cleavage,  "  but  lie  at  all  possible  azimnihs,"  are  of 
new  formation,  but  says  that  as  regards  the  rest  of  it  "  the  wLo!« 
structure  is,  in  fact,  just  such  as  would  result  from  tLe  deposit i'.:i 
of  material  sorted  by  gentle  currents  and  subsequently  cczLpreM^^. 
vertically  by  pressure  of  overlying  strata,  or  laterally  by  tLAt  wL::r':i 
gave  rise  to  slaty  cleavage." 

Dr.  Sorby  does  not  lay  any  stress  on  the  remarkable  diffusion  if 
rutile  crystals  in  so  many  slates;  indeed,  in  tLe  y^yzx  above  qiot^e^, 
he  does  not  do  more  than  indirectly  allude  Vj  them.  At  the  t::x»e  Le 
wrote  the  paper,  the  nature  of  the  minuter  "  cl%y-»late  Lee^iles  "  fcs 
rutile  was  only  just  about  being  established.*  Had  be  taken  tLe 
rutile  into  consideration,  it  is  difficult  M»  see  how  be  wo:2:d  Lav* 
explained  in  such  cases  its  presence  in  simply  oompa/'jted  origix.^ 
mica  from  felsites,  as  the  mica  of  these  rocks  d'jes  not  us^^ally  ^jLTJkiZx 
rutile. 

I  think  the  opinion  that  the  mica  of  granites  would  not  tWA  a 
fine-grained  deposit  is  not  borne  out  by  the  study  of  the  clayt  ai.d 
shales  of  granitic  origin ;  coarse-grained  and  £rie-gTalx.e»i  I^yen  'A 

1877,  pp.  116-118),  thouffh  he  was  tctt  ponnre  m  Vi  ti*  L-.i-s^iii^.v^.tT  -.i  -.;_* 
clastic  urigin  of  the  mtUes,  tourmalines,  eu:..  of  ti^  iu>».  i^  v^  =.;«■, i  £,,.'4 
reserved  in  any  expression  of  opinion  as  to  tLe  mica. 

Kenard  also,  who  has  so  deeDlj  etodied  the  \A\h%  of  tie  A^d^^*.  xy^zx  \r,  .'.tit 
irrived  at  views  quite  opposed  to  the  idea  of  cnch  rx'u  vsdi.?  ^'-^'r-J  '■^'•'^y^''>< 
original  sediments  {op.  eit.). 

^  The  first  decided  proof  that  th«e  Deed]»«  are  rntiJ*  w«  zir ^iz,  \j  Ckt •..-*. i 
(**Ein  Beitranf  zur  Eenntniss  der  "WiWschona^irr  Jy:L:*:i«T  u;.*  c«  1i' .:L•*■-.-^:■::• 
nadelchen,"  Neues  Jahrbnch  fiir  Min.  Geol'^ie,  eu-.,  i""l.. 

In  dealing  with  his  method  of  Uolation  of  the  rQt.>,  CkJir*^-:  2u*^r  ■  •_*  •■* 
"roundish  grains"  as  well  ascnrstais,  and  looki  on  ilak  a*  *-;a'',.t  .:;.;*.:"'v-.7 
developed  rutile  needles/* 

Very  soon  after  Cathrein's  paper,  in  the  6an.e  rear.  *i  trtl'-U  t;,^*:*:'.  ..i  *•.»: 
**  Neues  Jahrhuch*'  by  Dr.  Saner  '*•  Kuril  al-  n::ltr'^^k'.pi.K:.*T  O*:?:.*::.;'*.-,-  .  .;.  '.-.-r 
Gneiss-  und  Glimmer/ormation,  «owie  aU  Tl or. i^.tl^i^-.i-e. :•.•.:.*:.  ,:.  L-:  7",;  .  *- 
formation"),  in  which  the  proof  *ji  the  nat;jre  oi  the  k_cV:-r<:*<.^  .•  k/\  :.  : .  .j 
carried  out;  and  a  note  by  rrof .  BoKubuKh  ^'AV^t  t:.fc:  Si-*::  •. .:  ..■.....-,•••-; 
the  contents  of  this  article' to  him  in  piiTatfe  ccrtT«spvx«>.i>,  '>-.•..  :*-,  \:.h  x-g,g^.ui^A 
of  Cathrein's  paper. 
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all  tbioknesses  alternate  abruptly  or  gradually,  aooording  as  tbe 
conditions  of  deposit  changed,  in  so  many  beds  which  had  the  same 
origin  throughout  so  far  as  we  can  see. 

1  hope  I  have  also  succeeded  in  showing  that  deposits  of  the  waste 
of  granitic  rocks  by  no  means  consist  of  inert  substances  that  could 
not  readily  undergo  further  change,  but  that,  on  the  contrary,  they 
are  very  active  indeed  in  such  changes. 

It  must  be  borne  in  mind,  as  Dr.  Sorby  points  out,  that  it  is  mors 
than  likely  that  in  many  slates  we  have  the  result  of  deposits  from 
more  than  one  source  of  material  at  the  same  time ;  also  that  they 
may  be  produced  from  different  sources  without  such  mixture. 
Further,  that  the  exact  nature  of  slates  is  liable  to  vary  very  con- 
siderably even  in  adjacent  laminsB,  or  in  the  same  laminsd  at  different 
parts,  so  that  care  must  be  taken  not  to  draw  too  decided  conclusions 
from  one  or  two  observations. 

In  considering  the  nature  of  the  mica,  it  is  to  be  recollected 
that  some  of  these  slates  probably  contain  more  or  less  of  the 
waste  of  still  older  slates  of  similar  nature,  which  waste  would 
mainly  consist  of  rutiliferous  mica.  Flakes  of  white,  or  almost 
white  mica,  with  the  rutile  iuclosures,  form  a  prominent  con- 
stituent of  some  silts  and  muds  now  being  deposited,  and  of 
some  surface  clays.  This,  however,  would  not  much  affect  the 
question  of  the  first  origin  of  the  rutiliferous  mica,  and  we  may 
reasonably  suppose  that  in  the  early  geological  periods,  to  which  tbe 
slates  now  specially  under  discussion  belong,  there  would  be  less 
and  less  probability  of  previous  slates  supplying  part  of  the  material 
Of  course,  if  my  contention  is  correct,  that  many  of  the  slates 
resulted  from  alteration  of  sediments  from  granite,  more  or  less  rich 
in  biotite,  and  that  these  sediments  were  exactly  similar  in  nature, 
and  underwent  just  the  same  processes  of  change  as  we  can  see  in 
the  deposits  of  tbe  Coal-measures,  it  is  not  in  any  way  suggested 
that  the  conditions  of  deposit  were  the  same.  These  may  have 
varied  to  any  extent  as  to  depth  of  water,  currents,  etc.,  etc.,  but  tbe 
conditions  of  denudation  would  be  more  or  less  the  same,  and  also 
the  nature  of  the  finally  deposited  sediment. 

Shales,  slates,  and  sandstones  pass  into  one  another  by  all  degrees 
of  transition.  Many  sandstones,  especially  those  of  fine  grain,  have 
as  "cement"  the  same  material  which  forms  the  "paste"  in  tbe 
clays  and  shales  above  described,  and  frequently  between  the  grains 
of  quartz  we  see  films  of  just  the  same  micaceous  and  rutiliferous 
alteration-product.  Mr.  J.  A.  Phillips  (Q.J.G.S.  vol.  xxxvii.)  seeros 
to  have  observed  this  in  some  cases.  Thus  he  says  (May  Hill  Sand- 
stone) that  the  grains  are  "  cemented  together  by  a  turbid  siliceous 
cement,  suggesting  the  idea  of  its  having  been  deposited  from  water 
holding  clay  in  suspension";  and  again  (Sandstone  from  Brigham 
in  Cumberland)  he  speaks  of  this  cloudy  cement  and  says,  **  Between 
the  fragments  of  this  rock  there  are  sometimes  minute  crystals  of 
a  mineral  which  may  be  epidote." 
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— Lv   ROOOV    XBTTTTIYS    DVLl'  EoOSNS   8I7PSEIORV  NXLL*  APXMNINO. 

By  Prof.  DK  Carlo  Stxfani.    Boll.  Soo.  geol.  Ital.  YIIL  No.  2, 
1889. 

rHE  Eocene  eruptive  rocks  of  Northern  Italy  have  already  acquired 
a  somewhat  extensive  literature.  The  last  addition  to  this  is 
le  above-cited  memoir,  which  fully  sustains  its  author's  reputation 
)r  viewing  petrological  subjects  from  an  advanced  standpoint, 
he  memoir  is  therefore  of  value,  not  only  as  a  contribution  to  the 
;udy  of  some  local  rocks,  but  as  a  pronouncement  on  the  part  of  a 
fading  Italian  geologist  on  some  of  the  broader  geological  problems 
)nnected  with  them.  English  geologista  especially  will  be  interested 
1  the  expression  of  such  views  as  "it  is  wrong  to  give  distinct 
ames  to  rocks  in  their  altered  conditions  "  (p.  262),  or  that  *'  from 
le  point  of  view  of  lithology,  it  may  be  affirmed,  in  contradiction 
>  the  teaching  of  my  masters,  that  the  ancient  eruptive  rocks  are 
lentical  with  the  modern"  (p.  262).  Prof.  Stefani  has  previously 
xpressed  similar  views,  but  they  have  probably  never  before 
een  so  definitely  asserted  by  any  Italian  geologist. 

The  memoir  commences  with  a  useful  bibliography,  and  is  divided 
Dto  nine  sections.  The  first  deals  with  the  nature,  mode  of  origin, 
nd  correlation  of  the  beds  with  which  the  igneous  rocks  are  asso- 
iated :  a  full  list  of  fossils  is  quoted,  and  a  short  sketch  given  of 
he  work  by  which  the  old  view  of  the  submarine  volcanic  age  of 
he  deposits  has  been  disproved.  The  author  maintains  instead  that 
hey  are  really  normal  deep-sea  deposits. 

The  igneous  rocks  are  described  in  the  next  five  sections ;  their 
nrigin  discussed  in  the  seventh ;  the  eighth  and  ninth  are  devoted  to 
heir  stratigraphical  relations  and  distribution,  and  a  summary  of 
he  author's  opinions  concludes  the  memoir. 

§  2.  The  Peridotites, — The  most  important  of  these  is  a  mixture 
>f  olivine  and  enstatite,  for  which  Wadsworth's  name  of  saxonite, 
hough  admittedly  a  misnomer,  is  preferred  to  the  later  name  of 
*  harzburgitc  "  (Rosenbusch).  The  occasional  presence  of  dialloge 
is  at  Levanto  (Bonney),  and  at  Pria  Borgheise  (Mattirolo),  indicates 
m  approach  to  Iherzolite;  but  the  author  regards  the  diallage  in 
:hese  cases  as  always  accessory,  and  hence  declines  to  accept  the 
rocks  as  true  Iherzolites,  though  Bosenbusch  has  so  named  the  rock 
3f  the  latter  locality.  In  other  cases  the  presence  of  augite  suggests 
\  passage  to  picrite  (of  Rosenbusch),  while  in  places  the  scarcity 
Df  enstatite  leaves  the  rock  as  a  kind  of  "  dunite."  The  author 
ilenies  the  occurrence  of  "  wehrlite  "  on  Monte  Prato. 

The  serpentines  have  always,  according  to  Prof.  Stefani,  resulted 
from  the  alteration  of  saxonite.  In  supporting  this  conclusion  he 
dismisses  the  following  hypotheses  of  the  formation  of  serpentine: 
(1)  from  argillaceous  schist,  advanced  by  Achiardi  in  1874,  a  view 
based  on  superficial  resemblances ;  (2)  from  diallage,  as  urged  by 
Berwerth  for   that  of  Rosignano,   in  consequence   of  his   havvsi^ 
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mistaken  the  bastita  and  enstatite  for  diallage ;  (3)  from  enstatite  or 
other  pyroxene  in  cases  where  there  seems  no  trace  of  olivine 
(Cossa)  ;  (4)  a  theory  attributed  to  (but  already  promptly  repudiated 
by)  Mazzuoli  of  the  formation  of  olivine,  etc.,  by  the  dehydration 
of  serpentine.  Finally,  the  author  does  not  regard  as  reliable  the 
method  proposed  by  Hussak  for  distinguishing  serpentines  formed 
from  rhombic  pyroxenes  from  those  formed  from  olivine  (p.  196). 

§  3.  The  Oabbro, — ^This  term  is  adopted  instead  of  euphotide, 
which  has  been  much  used  by  Italian  geologists  owing  to  the  mis- 
application of  the  former  by  Savi.  A  peti*osilex  or  forellenstein  ia 
formed  locally  by  the  segregation  of  the  labradorite,  and  a  diallagite 
by  that  of  the  pyroxene.  The  ^bbro  is  also  at  places  altered  to 
^'thulite"  by  the  loss  of  silica 'and  addition  of  magnesia.  There 
are  many  alteration  products  present,  including  some  serpentine; 
but  this  the  author  regards  as  indicating  that  the  rock  was  there  an 
olivine  gabbro,  rather  than  the  formation  of  the  serpentine  from 
diallage. 

Norites  have  been  quoted  from  the  district  only  owing  to  the 
diallage  having  been  mistaken  for  hypersthene. 

§  4.  Diabase  is  extremely  abundant ;  amygdaloidal  and  variolitic 
structures  are  common ;  in  opposition  to  the  opinion  of  Rosenbusch, 
Gumbel,  etc.,  the  author  does  not  regard  the  latter  as  a  mere  contact 
phenomenon.  True  diorite  does  not  occur,  but  the  nralitization  of 
the  augite  is  often  so  complete  that  it  is  then  almost  impossible, 
as  at  Biparbella,  to  be  certain  that  the  rock  is  really  an  epidiorite. 

§  5.  A  soda  granite  is  fairly  widely  distributed  in  Emilio  and 
Liguria  di  Levante,  and  this  Prof.  Stefani  regards  as  having 
probably  been  a  liparite. 

§  G.  Certain  diabases  and  serpentine  breccias  have  been  previously 
described,  as  e,g.  by  Prof.  Bonney  from  Levanto.  These  the  author 
regards  as  "  tuffs "  analogous  to  those  that  accompany  the 
"kimberleyite"  of  S.  Africa,  and  the  picrites  of  the  Fichtelgebirge. 
Sometimes,  as  Mulino  di  Yilla,  the  tuffs  include  diabase  fragments 
with  variolitic  surfaces ;  Prof.  Stefani  regards  these  crusts  as  due 
to  the  decomposition  of  the  diabase,  though  it  may  be  suggested 
that  they  are  really  variolitic  tuffs  like  those  simultaneously  described 
from  Mont  Genfevre.  Similarly  the  rock  from  Levanto,  re-described 
as  an  *'  ophicalcite  tuff,"  seems  very  much  like  the  rook  from  Mont 
Genevre,  regarded  as  a  serpentine  breccia. 

§  7.  In  discussing  the  eruptive  origin  of  the  rocks,  the  author  lays 
much  stress  on  the  salbands,  which  he  regards  as  conclusive  in  the 
case  of  the  diabtise.  Much  value  is  also  attributed  to  the  amygda- 
loidal and  porphyritic  structures.  The  other  theories,  such  as 
Mazzuoli  and  Issel's  ''  anfimorphic  "  hypothesis  (that  the  serpentines 
have  resulted  from  the  alteration  of  a  hot,  submarine  mud),  and 
Taramelli's  view  of  the  formation  of  the  same  rock  as  a  precipitate 
in  a  hot  sea,  are  examined  and  dismissed.  Prof.  Stefani  claims  that 
all  the  rocks  are  eruptive,  and  that  the  coarseness  of  grain  of  the 
gabbro  is  due  to  its  having  arisen  as  an  outpouring  on  the  floor  of 
a  deep  ocean  and  having  solidified  under  the  enormous  pressure  of 
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the  superinoumbeDt  water.  He  further  compares  the  rocks  with 
those  of  other  ages,  from  the  prepalseozoic  downward,  and  is  veiy 
emphatic  as  to  the  impossibility  of  using  age  as  a  character  in  any 
natural  or  logical  classification. 

§  8.  The  relations  of  the  rocks  to  the  sedimentary  deposits.  Prof. 
Stefani  proved  in  1876  that  the  serpentine  of  Garfagna  was 
regularly  interstratified  in  the  Upper  Eocene;  this  has  been  sup- 
ported by  Taramelli,  and  may  be  regarded  as  a  type  case.  Sterry 
Hunt's  view  that  the  serpentines  are  part  of  a  prepalaaozic  floor 
exposed  at  places  by  denudation,  eta,  is  very  summarily  dismissed : 
'*  It  is  the  opinion  of  one,  who  either  does  not  observe  facts  or,  who 
having  observed  them,  gives  more  weight  to  his  own  conceits  than 
to  these."  The  author  has  discussed  this  hypothesis  once  before, 
and  does  not  seem  to  deem  it  necessary  to  repeat  the  process. 

§  9.  The  most  important  point  established  in  the  section  on  dis- 
tribution is  that  there  is  as  a  rule  a  fairly  constant  succession ;  the 
peridotites  were  the  earliest,  the  gabbros  followed,  and  the  diabases 
concluded  the  series.  But  in  places  diabase  occurs  intercalated  in 
either  the  peridotite  or  gabbro,  and  these  with  other  exceptions  show 
that  the  rule  is  not  absolute. 

In  conclusion,  the  author  refers  to  the  extension  of  similar  eruptive 
rocks  of  the  same  age,  along  the  northern  coast  of  the  Mediterranean  ; 
these  can  be  traced  in  Spain,  Switzerland,  Dalmatia,  and  through 
Bosnia  and  Herzegovina,  as  far  south  as  Eubcea.  The  opinion  is 
advanced  that  in  late  Eocene  times,  these  rocks  were  erupted  from 
a  series  of  volcanoes,  often  submarine,  that  encircled  the  northern 
margin  of  a  very  deep  sea,  just  as  the  Malay asian  volcanoes  extend 
along  the  northern  margin  of  a  deep  part  of  the  Pacific. 

Though  many  geologists  will  probably  require  further  evidence 
before  accepting  some  of  the  author's  conclusions,  such  as  that  the 
division  into  plutonic  and  volcanic  is  fundamentally  erroneous,  that 
the  gabbros  are  eruptive,  or  that  the  ''  serpentine  breccias "  are 
"  tufiTs,"  they  cannot  but  be  grateful  to  Prof.  Stefani  for  so  valuable 
a  contribution  to  so  interesting  a  group  of  rocks,  and  will  await 
with  interest  the  promised  publication  of  the  issues  of  his  further 
investigations.  J.  W.  G. 


n. — The  Genesis  of  the  ABiETiDiB.  By  Professor  Alpheus 
Hyatt.  Smithsonian  Contributions  to  Knowledge,  673.  4to. 
pages  vii-xi,  1-223  ;  14  Plates  and  85  Woodcuts.  (Washington, 
1889.) 

THE  handling  of  a  collection  rich  not  only  in  species  but  in  all 
possible  varieties  and  abnormal  forms,  and  access  to  the 
literature  upon  the  subject,  are  important  factors  in  genealogio 
investigations.  Such  opportunities  has  Prof.  Hyatt  enjoyed,  and  his 
latest  work  just  to  band  is  another  proof  that  he  has  turned  them  to 
the  best  possible  account. 

Since  1867  Prof.  Hyatt  has  given  to  the  world  a  most  valuable 
series  of  pamphlets  concerning  the  genealogy  and  cla^\^<(^^\.\Qr[i  qH 
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Jurassic  AtnmoniteB,  as  well  as  of  Cephalopoda  generally ;  and  the 
important  and  valuable  monograph  now  before  us  treats  not  only  of 
the  genesis,  but  also  of  the  entire  specific  evolution  of  the  grand 
Liassic  Ammonite  family,  the  ArietidsB.  Not  the  least  important 
feature  of  the  work  is  that  it  is  illustrated  by  fourteen  excellent 
plates  prepared  expressly  to  show  the  developmental  changes  and 
the  genealogy  of  the  various  species. 

The  principles  of  Ammonite  development,  which,  we  believe,  owe 
to  Prof.  Hyatt  their  first  enunciation  and  application,  though  they 
have  also  been  put  forward  by  other  workers  independently,  are,  in 
the  present  work,  fully  discussed  in  two  long  chapters.  "  Genealogy  " 
and  the  **  Genesis  of  Charac  tens  tics  "  are  treated  in  two  other 
chapters ;  on  **  Geological  and  Faunal  Relations  "  is  the  title  of  a 
chapter  discussing  the  birthplaces  and  migrations  of  the  different 
series ;  and  then  lastly  follows  a  chapter  describing  the  genera  and 
species. 

With  the  main  results  of  Prof.  Hyatt's  labours  we  find  ourselves 
in  complete  accord ;  but  we  might  be  inclined  to  criticize  some  of 
his  genealogic  conclusions.  We  are,  however,  disposed  to  be  cautions 
in  this  matter,  as  we  have  not  the  number  of  specimens  to  appeal  to. 

Still  it  seems  to  us  that  to  trace  the  ArietidsB  to  Fsiloceras  planorhe 
may  be  a  mistake.  This  species  we  regard — on  account  of  the  ribs 
in  the  inner  whorls  and  its  slightly  more  involute  form — as  a  smooth 
development  of  Am.  Johnatoni,  and  not  the  ancestor  thereof.  That 
Am.  Johnstoni  and  the  Arietidaa  were  derived  from  a  very  e volute, 
perfectly  smooth  form,  and  that  this  was  derived  from  an  involute, 
gibbous- whorled,  smooth  form — a  shell  more  evolute  than  Nannites 
fugax  and  more  involute  than  Agassiceras  Uevigatum,  something  like 
N.fvgax  being  the  ancestor  producing  forms  similar  to  J^.  lavigatum 
and  Am,  miserabile  as  it  became  more  and  more  evolute— seems  to  be 
indicated  by  the  inner  whorls  of  species  which  we  have  broken  up. 

However,  space  does  not  allow  us  to  discuss  this  and  certain  other 
points;  but  we  wish  to  say  that  this  work  has  given  us  extreme 
pleasure,  and  that  we  cordially  congratulate  the  talented  author  upon 
the  splendid  results  which  this  monograph  lays  before  us — results 
which  indicate  a  vast  amount  of  careful  and  critical  research.  Not 
only  is  a  study  of  this  monograph  absolutely  essential  to  the  student 
of  Ammonites,  or  of  Cephalopoda ;  but  it  is  quite  as  necessary  to  the 
student  of  Lamellibranchiata,  Gasteropoda,  etc.,  because  the  same 
principles  of  development  hold  good. 

One  little  matter  we  feel  bound  to  mention.  We  dislike  to  see  well- 
known  species  like  Am.  planorbis,  Sowerby,  written  as  **  Psiloceras 
planoi'be,  Hyatt."  This  method  was  condemned  by  a  committee  of 
celebrated  naturalists  in  1842,^  and  the  practice  of  European  authors 
who  write  *'  Psiloceras  planorhe  (Sowerby),"  or  "  Sowerby  sp." 
sufficiently  supports  their  decision.  S.  S.  B. 

*  On  Zoological  Nomenclature,  Report  Britisli  Assoc,  vol.  xL  See  also  Bapport 
du  Commission  du  Congr^s  international,  Paris,  1881,  p.  4. 
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Gkolooioal  Sooiktt  of  London. 

L— May  21,  1890.— Dr.  A.  Geikie,  P.R.S.,  President,  in  the 
Chair. — llie  following  oommunications  were  read : — 

1.  "On  some  Devonian  and  Silurian  Ostraooda  from  North 
America,  France,  and  the  Bosphorus.  By  Prof.  T.  Bupert  Jones, 
F.RS.,  F.G.& 

Of  the  Devonian  species  herein  figured  and  described,  six  species 
and  one  variety  (four  being  new)  from  the  decomposed  Chert  of 
the  Comiferous  Limestone  of  Ontario  County,  in  the  State  of  New 
York,  and  new  species  from  the  Hamilton  Group  of  Clarke  Co., 
Indiana,  have  been  sent  by  Mr.  J.  M.  Clarke,  of  Albany,  N.Y.,  as 
mentioned  in  the  February  number  of  the  Quart.  Joum.  Geol.  Soa 
p.  14.  From  Eighteen-mile  Creek,  Lake  Erie,  N.Y.,  there  are  two 
new  Devonian  species  among  specimens  supplied  by  Dr.  Hinde  {op, 
cit,  p.  28),  and  two  new  Primiiia  from  Thedford.  Altogether  five 
genera  {Bollia,  J.  &  H.,  Moorea^  J.  &  E.,  Ocionariaj  J.,  Euryehilina, 
Ulrich,  and  Ulrtehia,  gen.  no  v.)  are  hereby  added  to  the  list  of 
"  Hamilton  "  fossils. 

The  Devonian  Beyrichta  collected  some  years  ago  by  M.  Dumont 
at  the  Bosphorus,  and  noticed  by  Dr.  Ferd.  Romer  in  the  '  Neues 
Jahrbuch  '  for  1863,  having  been  kindly  lent  by  M.  Dewalque  for 
examination,  is  figured  and  described  in  detail.  It  appears  to  be 
the  same  as  B,  devonicaj  Jones,  lately  rlescribed  from  Devonshire. 

Nine  new  species  from  Anticosti,  in  Dr.  Hindo's  collection,  alluded 
to  above,  are  here  figured  and  described.  They  are  from  Mr. 
Billings's  '*  Anticosti  Group  "  (Divisious  3,  2,  1,  and  the  lowest). 
The  lowest  and  Div.  1  are  both  now  regarded  as  of  Lower  Silurian 
age,  and  Divs.  2  and  3  are  either  Middle  or  Upper  Silurian.  A 
series  of  Silurian  Ostracoda  from  Canada,  submitted  by  Mr. 
Whiteaves,  F.G.S.,  and  Mr.  Ami,  F.G.S.,  have  been  examined,  and 
critical  notes  on  them  are  here  given. 

The  Lower-Silurian  Beyrichia  Ouilleri,  named  and  compared  with 
other  species  by  M.  G.  de  Tromelin  at  Nantes  in  1875,  who  found 
it  at  Dom front  and  elsewhere  in  Brittany,  is  also  figured  and 
described  in  detail. 

2.  "On  the  Age,  Composition,  and  Structure  of  the  Plateau- 
gravels  of  East  Berkshire  and  West  Surrey."  By  the  Rev.  A. 
Irving,  B.A.,  D.Sc,  F.G.S. 

The  author  refers  to  the  view  propounded  by  him  somewhat 
tentatively  seven  years  ago,  and  since  confirmed  by  the  researches 
of  Prof.  Prestwich,  as  to  the  Preglacial  age  (probably  Pliocene)  of 
these  deposits,  pointing  out  the  inconclusive  nature  of  the  evidence 
of  Glacial  age  furnished  by  the  presence  in  them  of  angular 
"  sarsens."  He  regards  the  absence  of  Miocene  marine  deposits  in 
this  part  of  North-western  Europe  as  supporting  the  published  view 
of  Zittel  and  other  continental  writers  that  the  Miocene  period  was,  in 
South-eastern  England,  one  of  elevation  and  subaerial  wa&t^  QJid 
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degradation  of  the  Weald  to  the  south,  and  of  East-Meroian  England 
to  the  north -west,  this  period  of  waste  of  the  Cretaoeous  rocks 
having  furnished  much  of  the  materials  whioh,  in  Pliooene  timeSi 
were  carried  across  a  sloping  plateau  hy  fluviatile  agencies. 

The  composition  and  structure  of  the  plateau -gravels  are  next 
descrihed,  reference  being  made  to  previous  writings  of  Prof.  Rupert 
Jones  and  to  the  recent  papers  of  Prof.  Prestwich.  Reference  is 
also  made  to  the  explanation  suggested  by  the  author  seven  years 
ago  of  the  anomalous  contrast  presented  by  the  lithological  conditions 
of  the  flint-pebbles  and  the  subangular  flint- fragments  which  are 
intermingled  in  these  gravels.  The  great  masses  of  unstratified  and 
\inrolled  flint  debris  on  the  Aldershot  Hills  are  compared  with  the 
Preglacial  "  Schotter "  of  the  lower  Alpine  valleys.  The  plateau- 
gravels  are  described  as  occupying  altitudes  ranging  from  nearly 
600'  (O.D.)  at  Aldershot  and  on  the  north  side  of  Netley  Heath, 
down  to  280'  (O.D.)  at  Bearwood  and  Farley  Hill.  A  list  of  22 
localities  (with  altitudes)  is  given  where  actual  sections  of  the 
plateau-gravels  can  be  studied. 

Evidence  of  glacial  action  at  lower  levels  (210'  to  240'  O.D.)  is 
then  given,  sections  being  described  at  Nine-mile  Ride  (Old  Windsor 
Forest),  Wokingham,  and  Sunninghill,  and  apparent  evidence  of 
glaciation  at  Bracknell,  Warfield,  and  Finchampstead.  Photographs 
of  some  of  these  sections  are  given,  and  the  levels  of  the  plateau- 
gravels  and  the  glaciated  sections  correlated  by  a  sectional  diagram. 

The  author  concludes,  from  the  evidence  given  in  the  paper,  that : 

1.  The  Plateau-gravels  are  of  fluviatile  origin,  their  materials 
having  been  transported  from  the  Weald-region  to  the  south. 

2.  They  mark  roughly  the  ancient  lines  of  Pliocene  drainage  of 
an  old  elevated  Tertiary  region,  the  present  valley-system  having 
been  mainly  determined  by  their  absence. 

3.  That  the  modern  Lower  Thames  Valley  was  initiated  in  Plio- 
cene times,  the  main  line  of  drainage  having  been  somewhat  further 
north  than  at  present 

4.  That  attention  to  altitudes  reveals  the  fact  that  the  present 
valley-system  was  outlined  and  the  major  part  of  it  actually  exca- 
vated in  an  interval  that  intervened  between  the  age  of  the  Plateau- 
gravels  and  the  Glacial  Epoch. 

6.  That  the  deposition  of  the  Plateau-gravels  probably  covers 
most  of  the  geologic  time  represented  by  the  Pliocene. 

A  note  is  added  on  the  probable  progressive  elevation  of  the 
Weald  from  west  to  east. 

3,  "Further  Note  on  the  Existence  of  Triassic  Rocks  in  the 
English  Channel  off  the  Coast  of  Cornwall."  By  R,  N.  Worth, 
Esq.,  F.G  S. 

A  specimen  of  Triassic  conglomerate  trawled  seven  miles  south 
of  the  Dead  man  headland,  and  several  miles  east  of  the  previously 
recorded  Lizard  outlier,  is  described,  and  reasons  given  for  its  occur- 
rence in  situ.  It  contains  pebbles  of  slate,  grits,  vein -quartz,  quartz- 
felsite,  and  andesitio  rock. 
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4.  "On  ft  New  Speoies  of  Coccodm  {C,  lAndstrdrnt,  Davis)."  By 
J.  W.  Davie,  Esq.,  F.G.S. 

A  description  is  given  of  a  small  fossil  fish  from  the  hard  chalk 
of  Hakel  in  Mount  Lebanon ;  it  is  nearly  related  to  Coceodus  armatua, 
Pictet,  bnt  is  smaller  than  that  species,  does  not  show  an  equivalent 
of  the  pectoral  spine  (unless  the  posterior  extension  of  the  scapular 
arch  shonld  be  so  considered),  and  the  posterior  basal  extension  of 
the  dorsal  spine  is  very  different  in  the  two  forms.  Further,  the 
dorsal  spine  is  nearer  to  the  occipital  region  in  the  new  form  than 
in  C.  armaluB,  and  is,  compared  with  the  size  of  the  fish,  a  larger  fin. 

The  arrangement  of  the  fins  shown  in  the  specimen  now  described 
is  quite  different  to  that  of  the  Siluroids  {Synodontis  and  Pimelodtis), 
and  the  great  resemblance  of  the  teeth  of  Coceodus  to  those  of  the 
Pycnodonts,  and  the  cartilaginous  character  of  the  vertebrae,  indicate 
a  relationship  with  the  Ganoids ;  but  its  exact  relationship  in  that 
group  must  remain  still  problematical. 

The  author  proposes  to  name  the  new  form  Coceodus  Lindstr&mi, 


II.— June  4, 1890.— Dr.  A.  Geikie,  F.R.S.,  President,  in  the  Chair. 


The  Pbesidrnt  referred  to  the  sad  loss  which  the  Society 
had  sustained  through  the  death  of  Mr.  Dallas,  and  read  the 
following  resolution,  which  had  been  passed  by  the  Council  and 
ordered  to  be  entered  upon  its  Minutes : — 

"The  Council  desires  to  record  on  its  Minutes  cui 
expression  of  its  deep  regret  at  the  death  of  the  Assistant- 
Secretary,  Mr.  Dallas,  which  took  place  on  the  29th 
ultimo,  and  of  its  sense  of  the  loss  inflicted  on  the  Council 
and  Society  by  the  removal  of  one  who,  for  the  long 
period  of  twenty-two  years,  had  done  them  invaluable 
service,  and  who,  by  his  courtesy,  kindliness,  and  help- 
fulness had  endeared  himself  as  a  personal  friend  to  the 
Fellows." 

It  was  moved  by  Dr.  Evans,  seconded  by  Dr.  Hinde,  and 
carried  unanimously,  that  the  resolution  passed  by  the  Council 
be  communicated  to  Mrs.  Dallas  on  behalf  of  the  Society 
also.     (See  Obituary,  p.  333.) 


The  following  communications  were  read  : — 

1.  **  As  to  certain  '  Changes  of  Level '  along  the  Shores  on  the 
Western  Side  of  Italy."     By  R.  Mackley  Browne,  Esq.,  F.G.S. 

After  noticing  the  prevailing  opinion  that  such  changes  as  he 
treats  of  were  caused  by  earth-movements  of  elevation  and  depression, 
the  author  suggests  that  the  altered  levels  were  due  to  altered 
conditions  of  the  Mediterranean.  He  brings  forward  objections  to 
the  prevailing  theory,  and  remarks  on  the  possibility  of  periodical 
oscUlating  alterations  in  the  tidal  depth  of  the  ocean. 
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After  Doticiiig  tha  special  eheractoristioi  of  the  Meditemneen,  be 
infer*  that  aabmergenoe  and  emergence  on  the  Baj  of  Baiae  would 
follow  eqoiTalent  alteration  in  the  level  of  the  Atlantic  watera,  monk 
aa  would  be  probably  developed  by  changed  conditions  of  astiooo- 
mical  forces ;  and  after  discoseing  Uie  poesible  dates  and  periods  of 
the  changes  at  Pozzooli,  makes  the  saggestioa  thai  within  a  period 
of  two  thooaand  yeara  alterations  may  have  taken  place  in  the 
astronomical  combinations,  oat  of  which  a  change  in  the  sorfMse- 
level  of  the  oceans  generally  may  have  become  developed,  and 
wherefrom  consequently  a  sjmchronoos  change  in  the  Mediterranean 
would  also  occur,  and  observes  that  the  amount  of  actual  tidal  effscts 
has  never  been  ascertained. 

2.  "  North-Italian  Bryozoa.**    By  A.  W.  Waters,  Esq.,  F.G-S. 
The  Chilostomatons  Bryozoa  dealt  with  in  the  paper  are,  for  the 

most  part,  from  known  Vicentine  localitiea,  together  with  some  from 
two  new  localities, — Monte  Baldo  in  the  Veronese  and  Bonzo  in  the 
TyroL  Beuss  described  a  number  from  the  Vicentine,  but  at  a  time 
when  the  chief  attention  was  given  to  the  shape  of  the  zoarium,  and 
the  oral  aperture,  avicnlaria,  and  ovicells  did  not  receive  the  attention 
now  given  to  them.  The  attempt  is  therefore  made  to  bring  oar 
knowledge  of  these  beds,  which  are  the  richest  and  most  important 
known  in  the  Lower  Tertiaries,  more  nearly  up  to  present  ideas,  so 
that  more  exact  comparisons  may  be  made  between  Tertiary  and 
living  forms. 

Several  cases  are  mentioned  in  which  there  is  great  difference  of 
zoarial  shape,  and  also  some  in  which  there  is  great  range  in  the 
zooecial  characters. 

The  discovery  of  CateniceUa  in  these  beds  is  of  considerable 
importance,  which  is  enhanced  by  one  of  the  species  having  both 
short  beads  and  longer  internodes. 

Porina  coronata  and  Lepralia  syringopora  both  have  a  closure, 
formed  by  a  plate  with  a  tubule  in  the  centre,  a  structure  supposed 
to  be  exclusively  characteristic  of  the  Cyclostomata. 

The  position  of  the  beds  has  been  established  by  Suess,  Bayan, 
Hebert,  and  Munier-Chalmas,  of  Bartonian  age,  and  may  therefore 
be  called  Upper  Eocene. 

3.  "  Notes  on  the  Discovery,  Mode  of  Occurrence,  and  Dis- 
tribution of  the  Nickel-Iron  Alloy  '  Awaruite  *  and  the  Bocks  of  the 
District  on  the  West  Coast  of  the  South  Island  of  New  Zealand  in 
which  it  is  found."     By  Professor  G.  H.  F.  Ulrich,  F.G.S. 

In  an  introduction  the  author  describes  the  original  discovery, 
determination,  and  naming  of  the  mineral  in  1885  by  Mr.  W.  Skey, 
and  clears  up  a  misunderstanding  by  which  he  himself  had  been 
credited  with  the  discovery ;  he  furthermore  gives  a  historical  sketch 
of  the  further  investigations  and  publications  referring  to  the  mineral 

The  geology  of  the  Awaruite-beariug  district  is  described.  The 
rocks  consist  of  peridotites  and  serpentines,  breaking  through  meta- 
morphic  schists  with  occasional  massive  intrusions  of  acid  rock. 
The  petrographical  characters  of  the  peridotites  of  the  hill-complex, 
including  the  Olivine  and  Bed-Hill  ranges,  and  serpentines,  are  con- 
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sidered  in  detail,  and  the  mode  of  occurrence  of  the  Awaruite  in 
them  and  in  the  sands  derived  from  their  denudation  is  diacuBsed. 
The  author  submits  a  sketch-map  of  the  localities  where  the  mineral 
has  been  discovered  in  sand,  including  not  only  George  River,  but 
also  Silver  Creek,  Bed  Hill,  and  other  localities,  and  quotes  Mr. 
Paulin's  belief  that  it  occurs  diffused  through  the  whole  extent 
of  peridotite  and  serpentine  rocks,  and  inferentially  in  the  drifts 
derived  therefrom. 


JOHN    GUNN,    M.A.,    F.G.S., 

FoKlfB&LT  EbCTOB  OF  IbSTBAD  AND   BaBTON   TuBF,   IN  NOBFOLK. 

BoBN  OcTOBBB  9th,  1801 ;  DiBD  Mat  28th,  1890. 

By  the  death  of  Mr.  John  Gnnn,  geological  science  has  lost  one 
of  her  most  devoted  and  enthusiastic  disciples.  Born  October  9th« 
1801,  he  lived  to  the  advanced  age  of  88,  and  was  thus  one  of 
the  last  links  between  the  geologists  of  the  present  day  and  those 
who  laid  the  foundations  of  the  science. 

His  father,  the  Rev.  William  Gunn,  Rector  of  Irstead  and  Barton 
Turf,  in  Norfolk,  was  a  man  of  considerable  literary  attainments, 
and  more  especially  devoted  to  History  and  Archaeology,  but  taking 
very  little  interest  in  the  pursuit  of  Natural  Science. 

In  an  address  delivered  to  the  Norwich  Geological  Society  in 
1869,  John  Gunn  thus  speaks  of  his  early  years : — **  When  at  school 
he  was  more  interested  in  Natural  History  than  in  the  Latin  Grammar, 
and  his  father  put  the  books  he  was  most  anxious  to  study  at  the 
top  of  the  library,  so  that  they  might  be  out  of  his  reach.  He, 
however,  took  every  convenient  opportunity  to  get  at  a  volume  of 
Buff(m,  and  thus  he  gathered  some  knowledge  respecting  the  habits 
and  the  habitat  of  animals.  He  could  never  forget,  and  he  could 
not  describe  the  electric  effect  produced  upon  him  by  the  discovery 
of  the  fossil  remains  of  the  Elephant,  Rhinoceros,  and  Hippopotamus 
in  the  Forest  Bed  at  Happisburgh,  etc.  He  then  asked  his  father 
how  these  creatures,  now  living  in  tropical  countries,  could  have 
existed  in  this  ?  And  he  received  an  answer  which  was  still  fresh 
in  his  memory,  and  which  constantly  recurred  to  him,  'There  is 
much  to  be  done  before  that  can  be  made  out.'  "  *  This  question 
probably  was  put  about  the  year  1822,  when  R.  C.  Tavlor  published 
his  account  of  Fossil  Bones  on  the  Coast  of  East  Norfolk.  It  must 
have  been  soon  after  this  date  that  John  Gunn  made  the  acquaint- 
ance of  Samuel  Woodward,  from  whom  he  derived  his  earliest  lessons 
in  geology ;  moreover  his  local  researches  were  no  doubt  stimulated 
by  intercourse  with  his  neighbours,  the  Rev.  James  Layton,  of  Cat- 
field,  and  Miss  Anna  Guruey,  of  North  Repps,  both  of  whom  became 
ardent  collectors  of  the  fossil  mammalia  from  the  Forest  Bed. 

On  the  death  of  his  father  in  1841,  John  Gunn,  who  had  been 
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Chaplain  to  H.R.H.  the  Duke  of  Sassex,   was   appointed  to  tibe 
rectory,  and  for  many  years  his  home  was  at  Irstead. 

By  his  marriage  with  Harriet,  a  daughter  of  Dawson  Turner, 
F.B.S.,  of  Yarmouth,  he  became  brother-in-law  of  Sir  W.  J.  Hooker, 
and  Sir  Francis  Palgraye.  Mrs.  Gunn  was  a  talented  artist,  and 
accompanied  her  husband  over  many  parts  of  Norfolk,  their  atten- 
tion  being  in  early  years  mainly  given  to  archasological  studies; 
geological  subjects,  however,  in  turn,  attracted  attention,  and  we 
find  in  Lyell's  ''  Elements  of  Geology  "  an  illustration  of  the  Chalk- 
pit at  Horstead,  with  its  paramoudras,  from  a  drawing  made  by  Mn. 
Gunn  in  1838. 

From  about  the  year  1850  until  the  close  of  his  life,  John  Gnnn's 
energies  were  very  largely  devoted  to  geology,  and  in  particular  to 
the  vertebrate  remains  of  the  Forest  Bed.  He  gathered  together  t 
very  fine  collection  of  the  fossils,  which  he  presented  in  1868  to  the 
Norfolk  and  Norwich  Museum. 

His  observations  on  the  geology  of  Norfolk  were  brought  together 
in  a  Sketch,  published  in  1864,  in  White's  History  and  Directory 
of  the  County.  A  fourth  edition  of  this  article,  which  was  reprinted 
for  private  circulation,  was  issued  in  1883,  and  it  was  Mr.  Gunn's 
intention  to  publish  the  same  in  a  separate  and  extended  form,  a  task 
in  which  he  had  been  diligently  engaged  to  within  a  few  months 
of  his  death. 

Mr.  Gunn  took  an  active  part  in  the  formation  of  the  Norfolk 
Archaeological  Society.  In  April,  1864,  the  Norwich  Geological 
Society  was  founded,  Mr.  Gunn  being  elected  President,  and  Mr. 
J.  E.  Taylor,  Secretary.  Until  1878,  the  reports  of  the  meetings 
were  published  in  the  local  newspapers,  but  a  summary  of  these 
(with  references)  was  printed  in  the  first  part  of  the  "  Proceedings  " 
of  the  Society  commenced  in  1878.*  During  this  period  Mr.  Gunn 
contributed  frequent  accounts  of  recent  discoveries,  and  also  remarks 
on  various  subjects,  more  especially  dealing  with  the  Mammaliferous 
Stone-bed  at  the  base  of  the  Norwich  Crag,  the  relations  of  the 
Norwich  Crag  and  Forest  Bed  to  the  Chillesford  Clay,  and  the 
prospect  of  finding  productive  Coal-measures  in  Norfolk  smd  Suffolk. 
Many  excursions  were  made  by  the  Society  to  different  parts  of  the 
county,  and  at  the  annual  meetings  an  account  of  what  had  heen 
done  during  the  year  was  given  by  the  President. 

Mr.  Gunn  also  contributed  an  occasional  paper  to  the  Geological 
Society  of  London,  and  to  the  Geologists'  Association.  While, 
however,  he  was  always  ready  and  rejoiced  to  take  up  the  hammer 
and  go  into  the  field,  and  to  communicate  all  his  information  to 
others,  he  manifested  no  great  eagerness  to  publish.  Thus  it  has 
been  that  much  of  his  work  is  embodied  in  the  writings  of  others, 
who  have  acknowledged  their  indebtedness  to  him.  The  recognition 
of  an  Upper  and  Lower  Boulder  Clay,  separated  by  a  mass  of  sand, 
to  be  seen  on  the  coast  near  Yarmouth  and  Lowestoft,  was  due  to 
Mr.    Gunn,    but    published    (with     acknowledgment)    by   Joshua 

^  Only  one  volume  has  been  published,  1878-84  ;  the  Society  is  now  merged  with 
the  Norfolk  and  Norwich  Naturalists'  Society. 
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Trimmer.^  The  distinoiion  between  the  Post-Olaoial  Mundesley 
Hiver-bed  and  the  older  Forest  Bed  Series  was  first  perceived  by 
Mr.  Gunn.'  His  oollection  of  fossil  mammalia,  and  especially  the 
specimens  of  Elephant,  proved  of  much  service  to  Falconer  and 
Leith  Adams ;  the  former  remarks  that  '*  The  interest  and  valae  of 
his  colleotion  are  only  equalled  by  the  liberality  with  which  he 
makes  it  available  for  the  ends  of  science.  I  need  only  say  in 
illustration  that  he  has  placed  all  the  specimens  in  his  possession 
at  my  disposal  for  this  essay,  even  to  be  sawn  up  for  sections,  if 
necessary,  or  for  any  other  use  to  which  they  could  be  turned." ' 

Mr.  Gunn*s  enthusiasm  may  be  well  realized  when  it  is  remembered 
that  (in  1888)  when  87  years  of  age,  he  attended  the  London 
meeting  of  the  International  Q^ological  Congress,  and  subsequently 
paid  a  visit  to  St.  Erth,  in  Cornwall,  to  examine  the  Pliocene  Beds 
that  have  been  discovered  in  that  neighbourhood. 

Notwithstanding  his  devotion  to  geology,  Mr.  Gunn,  while  rector 
of  Irstead,  was  very  energetic  in  the  pursuit  of  his  clerical  duties, 
and  filled  the  position  of  Bural  Dean. 

In  1869,  after  forty  years'  service  in  the  Church,  he  resigned 
his  preferment,  and  ultimately  quitted  the  ministry.  This  he  did 
because  he  became  convinced  that  he  could  no  longer  conscientiously 
preach  some  of  the  doctrines  of  the  Church  of  England.  In  his 
published  letter  to  his  parishioners,  he  remarks :  **  It  was  a  hard 
wrench  for  me  to  part  from  the  place  of  my  birth,  the  scenes  of 
childhood,  and  of  a  mature  and  happy  life ;  from  a  charming  spot 
where  almost  every  tree  and  shrub  had  been  planted  by  myself; 
and,  above  all,  from  parishioners  between  whom  and  myself  there 
ever  had  subsisted  a  most  cordial  feeling  of  good  will." 

Mr.  Gunn  died  May  28th,  1890,  and  was  buried  at  the  Bosary, 
Norwich. 


WILLIAM   SWEETLAND   DALLAS,    F.L.S. 

Born  318T  Januabt,  1824 ;  Died  29th  Mat,  1890. 

It  is  with  deep  regret  we  have  to  record  the  death  of  Mr.  W.  S. 
Dallas,  the  able  and  accomplished  Assistant  -  Secretary  of  the 
Geological  Society  of  London;  a  man  universally  esteemed  and 
beloved  by  all,  and  one  whose  loss  to  science  it  will  be  difficult  to 
supply. 

William  Sweetland  Dallas  was  the  youngest  son  of  Mr.  William 
Dallas,  belonging  to  an  ancient  Scottish  family,  an  East  India 
Merchant  and  a  Member  of  Lloyds',  who  died  in  1842. 

Born  in  Islington,  January  31st,  1824,  he  early  evinced  a  love 
of  Natural  History,  and  when  only  a  boy  made  collections  of  Insects 
with  his  elder  brother  in  the  fields  of  Hampstead,  Higbgate,  and 
Hornsey. 

^  See  J[.  H.  Blake,  Gaol.  Yaimouth  and  Lowestoft  (Geol.  Suit.),  p.  28. 
*  Lyell,  Antiq.  Man,  Fourth  Edition,  p.  267. 

'  Quart.  Journ.  Geol.  Soc.  vol.  xxi.  p.  299.  See  also  £.  T.  Kewton,  Yertebrata 
of  the  Forest  Bed  Series,  1882. 
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He  was  educated  at  UntTersity  College  School,  where  he  attained 
a  thorongb  grounding  in  Classics,  in  which  he  afterwards  displayed 
so  great  a  proficiency.  In  later  years  he  devoted  himself  to  the 
mastering  of  French,  German,  and  Italian,  with  marked  success; 
and  still  later,  to  the  acquisition  of  a  knowledge  of  Danish,  Swedish, 
and  Norwegian. 

His  father  failed  when  William  was  only  twelve  years  of  age,  and 
his  elder  brothers,  John  and  James  Dallas,  had  both  to  abandon 
their  prospect  of  a  pi-ofession  and  enter  business  houses  in  the  City. 
"William,  on  his  leaving  school,  was  also  taken  into  Mr.  Milne's 
office ;  but  City  life  was  so  very  distasteful  to  him,  that  he  relinquished 
it  and  commenced  to  study  in  the  old  Reading-Room  of  the  British 
Museum.  Here  his  strong  passion  for  the  pursuit  of  Entomology 
was  allowed  to  dominate  all  else  for  a  time,  and  so  eager  was  the 
young  naturalist  to  possess  a  library  of  his  own,  that  he  not  only 
copied  out  large  parts  of  various  descriptive  works  on  his  favourite 
science,  but  even  went  so  far  as  to  transcribe  in  neat  handwriting 
the  whole  text  of  J.  Chris.  Fabricius's  "  Entomologia  Systematica  ** 
(Tome  I.  to  IV.  8vo.  Hafniee,  1792)— a  work  of  2677  pages  octavo— 
to  each  generic  description  of  which  he  added  a  coloured  figure  of 
the  type-species,  copied  from  a  specimen,  or  from  some  other  work.* 

His  devotion  to  Natural  History,  and  especially  to  the  collecting 
and  preserving  of  Insects,  attracted  young  Dallas  to  the  Insect-room 
at  the  British  Museum,  where,  in  the  late  Dr.  John  Edward  Gray, 
F.R.S.,  he  found  a  warm  friend  and  supporter. 

In  1847  he  commenced  to  contribute  original  papers  to  the 
Entomological  Society  of  London,  which  duly  appeared  in  its  Trans- 
actions from  that  year  to  1853. 

In  1849  Mr.  W.  S.  Dallas  was  elected  a  Fellow  of  the  Linnsean 
Society,  and  in  the  year  following  he  married  Miss  Frances  Esther 
Price,  youngest  child  of  Liscombe  Price,  Esq.,  of  London  and  Aber- 
gavenny (one  of  the  lawyers  employed  in  the  trial  of  Queen 
Caroline). 

From  1850  to  1852  Mr.  Dallas  was  engaged  in  preparing  Lists 
of  the  Hemipterous  Insects  in  the  British  Museum. 

Immediately  on  the  erection  of  the  Crystal  Palace,  Sydenham, 
Mr.  Dallas  was  engaged  by  the  Committee  to  arrange  the  Statural 
History  collections  in  that  building. 

From  1854  to  the  end  of  1855  Mr.  Dallas  contributed  28  chapters 
on  Zoology  to  Orr's  "  Circle  of  the  Sciences."  These  were  afterwards 
reprinted  as  a  separate  work,  in  1856,  entitled  "  A  Natural  History 
of  the  Animal  Kingdom." 

In  1857  he  completed  his  "Elements  of  Entomology:  an  Outline 
of  the  Natural  History  and  Classification  of  British  Insects,"  8vo. 
pp.  424,  published  by  Van  Voorst. 

In  1858,  on  the  resignation  of  Mr.  Edward  Charlesworth,  F.G.S., 

*  Of  "W.  S.  Dallas's  brothers,  only  the  second,  Elmslie  W.  Dallas,  appears  to 
have  taken  up  a  scientific  career.  He  settled  in  Edinburgh,  and  became  an  artist  of 
some  repute,  was  author  of  a  work  on  Mathematics,  and  was  elected  a  Fellow  of 
the  Eoyal  Society  of  Edinburgh. 
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Mr.  W.  S.  Dallas  was  appointed  Carator  of  the  Yorkshire  Philo- 
sophical Society's  Museum  in  York,  a  post  which  had  heen,  at  an 
earlier  date,  filled  hy  the  late  Professor  Phillips,  F.B.S.  (of  Oxford). 
Here  he  resided  with  his  family,  now  numhering  four  sons  and  two 
daughters,  until  the  close  of  1868. 

His  life  at  York,  apart  from  the  Museum,  was  taken  np  largely 
with  writing  for  the  **  Westminster  Review,"  and  the  preparation  of 
translations  of  papers  for  the  "Annals"  and  the  "Philosophical 
Magazine."  Mr.  Dallas  also  served,  for  some  years,  as  one  of  the 
staff  engaged  in  the  preparation  of  the  "Zoological  Record."  He 
was  Hon.  Sec.  of  the  Yorkshire  Naturalists'  Club  from  1859  to  1869 ; 
and,  through  his  friendship  with  Mr.  George  Tate,  of  Alnwick,  he 
was  appointed  to  give  a  coarse  of  lectures  each  summer  to  the 
school  maintained  by  His  Grace  the  Duke  of  Northumberland  in 
Alnwick ;  these  lectures  were  most  popular  and  were  always  attended 
by  their  Graces  and  the  neighbouring  families. 

On  the  retirement  of  Mr.  H.  M.  Jenkins,  F.G.S.,  M.  Dallas  was 
elected  Assistant-Secretary  to  the  Geological  Society  of  London,  an 
office  which  he  held,  greatly  to  the  benefit  of  the  Society,  until  his 
death  in  May  last 

Mr.  Dallas  was  Editor  of  the  "Annals  and  Magazine  of  Natural 
History"  from  1868  to  1890;  he  was  also  Editor  of  the  "Popular 
Science  Review  "  from  1877  to  1880. 

Paralysis,  of  which  he  had  had  premonitory  symptoms,  terminated 
his  laborious  life  on  the  morning  of  29th  May,  in  his  67th  year. 

In  taking  a  retrospect  of  Mr.  W.  S.  Dallas's  useful  but  arduous 
career,  one  is  astonished  at  the  vast  amount  of  important  work  achieved 
by  him  and  the  small  share  of  recognition  which  it  fell  to  his  lot  to 
receive.  But  a  glance  at  the  nature  of  that  work  will  suffice  to 
show  that  by  far  the  largest  and  most  laborious  part  was  occupied 
by  him  either  as  a  Curator,  an  Editor,  a  Journalist,  or  as  a  Translator, 
in  all  of  which  capacities — however  well  the  duties  may  have  been 
performed — the  kvBo9  is  but  small. 

Mr.  Dallas  was  moreover  a  man  of  very  retiring  habits,  yet  he 
enjoyed  the  warm  friendship  and  regard  of  John  Edward  Gray, 
of  Charles  Darwin,  of  Sir  Charles  Lyell,  Prof.  Sir  Richard  Owen, 
of  G^o.  R.  Waterhouse,  of  Huxley,  S.  P.  Woodward,  Bates  and 
Wallace,  T.  Rupert  Jones,  and  many  other  of  the  older  naturalists. 
He  frequently  acted  as  coUahorateur  to  Darwin,  and  indexed  his  works 
for  him  with  that  loving  care  which  only  strong  personal  attachment 
could  have  brought  to  the  task.  The  writer  well  remembers  the 
words  of  Prof.  Huxley  when  commending  him  to  the  Council  of 
the  Geological  Society  for  the  post  which  he  held  till  his  death : 
"  Mr.  Dallas  is  one  of  the  hardest  workers  that  I  know."  To  those 
who  knew  him  intimately  Mr.  Dallas  will  also  be  remembered  for 
the  gentleness  and  amiability  of  his  disposition,  his  rare  modesty, 
and  for  his  uniform  courtesy  to  all. 

Works,  papers,  and  translations,  by  William  Sweetland  Dallas, 
F.L.S. 

A  List  of  the  Hemipterous  Insects  in  the  Collection  of  the  British  Museum. 
Part  L  pp.  368,  U  plates.    1851.   Part  ii.  pp.  369-590,  pi.  12-15.  U^l. 
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**  A  Natural  History  of  the  Animal  Kiii|(dom,  being  a  Systematic  and  Popohr 
Description  of  the  Habits,  Stmcture  and  Classification  of  Animals  from  the  Loveit 
to  the  Highest  Forms,  arranged  according  to  their  Organization."  London,  1856. 
8ro.  pp.  818,  and  374  woodcuts  (originally  issued  as  a  series  of  articles  in  Oir*s 
*'  Circle  of  the  Sciences,"  where  it  appeared  in  28  parts,  from  1854  to  1855). 

Elements  of  Entomology  :  an  Outline  of  the  Natural  History  and  Classification  of 
British  Insects.    London,  1857.     8to.  pp.  424.     (Van  Voorst.) 

Sketch  of  the  Genus  Pceeiloeoris,  belonging  to  the  Hemipterous  Family  SeutelieritUB, 
Entomological  Society's  Transactions,  ▼.  1847-9,  pp.  100-109. 

Notice  of  some  Hemipterous  Insects  from  Boutan  (in  the  Collection  of  the  Hon. 
East  India  Company),  with  Descriptions  of  the  New  Species.  Entom.  Soc.  Trans. 
T.  1847-1849,  pp.  186-194. 

A  new  Hemipterous  Insect  from  Boutan  (East  Indies),  forming  the  Type  of  a  New 
Genus  (1849).    Entom.  Soc.  Trans,  i  1850-61,  pp.  1-3. 

Notice  of  some  Hemiptera  from  Boutan  (Hon.  East  India  Company)  [1849]. 
Entom.  Soc.  Trans,  i.  1850-51,  pp.  4-11. 

Note  on  the  British  Species  belonging  to  the  genus  Aeanthosoma^  Curt.  Entom. 
Soc.  Trans,  i.  1850-51,  pp.  109-114. 

Description  of  a  new  Hemipterous  Insect  forming  the  Type '  of  a  New  Genui 
{AUlide*  eentrolin$atut).   Annals  and  Mag.  Nat.  Hist.  x.  1852,  pp.  359  and  436. 

Descriptions  of  some  New  Species  of  Hemipterous  Insects  belonging  to  the  Tribe 
Scutata.     Entom.  Soc.  Trans,  ii.  1852-53,  pp.  6-17. 

Description  of  a  New  Species  of  the  Genus  Dinidwr,  belonging  to  the  Hemipters 
scutata.    Entom.  Soc.  Trans,  ii.  1852-53,  pp.  18-19. 

On  the  Feathers  of  Dinomit  robustua,  Owen,  Ann.  and  Mag.  Nat.  Hist.  xri. 
1865.  pp.  66-69.  Ann.  Sci.  Nat.  iv.  1865  (Zool.),  p.  292.  Zool.  Soc.  Proc.  1866, 
pp.  265-268. 

On  the  Occurrence  of  Tinnuneulus  eenchris  in  Britain.  Ann.  and  Mag.  Nat.  Hisi 
ii.  1868,  pp.  75-76. 

Translator  of  0.  T.  von  Siebold*s  work  on  a  true  Parthenogenesis  in  Moths  and 
Bees.     8vo.    London,  1857. 

Translator  of  Prof.  0.  Heer's  **  PrinuBval  World  of  Switzerland,"  in  two  toIs. 

pp.  742;  with  500  illustrations.     (Longmans  &  Co.,  1876). 

Translator  of  **  Facts  and  Arguments  for  Darwin,"  by  Fritz  Miiller.  8vo.  pp.  144. 
London,  1869.     (J.  Murray.) 

Author  of  the  articles  Rodentia,  Chiroptera,  Insectivora,  Hymenoptera,  Neuro- 
ptera,  Diptera,  Aphaniptera,  Rhynchota,  Orthoptera,  Thysanura,  Myriopoda, 
Arachnida,  in  Cassell's  Natiural  History.    1882. 

Translator  of  vol.  y.  of  Humboldt*s  Cosmos,  1858.  8yo.  pp.  500.  (Bohn's 
Scientific  Series.) 

Translated  the  forei^  articles  for  the  **  Chemical  Gazette "  (1852-59),  for  the 
**  Philosophical  Magazme,"  for  the  *'  Reader,"  and  for  the  "Annals  and  Magazine 
of  Natural  History  *^  (1852-90). 

Numerous  reviews  and  articles  in  the  '*  Westminster  Review." 
Translator  of  Buchner*s   **  Man,  Past  and  Present,"  and  Nitzsch*s  *'  Pterylo- 
graphy."  H.  W. 

.SIR  W.  W.  SMYTH,  M.A.,  F.R.S. 
It  is  with  deep  regret  we  record  the  death,  from  heart-disease,  of 
Sir  Warington  W.  Smyth,  M.A.,  F.R.S.,  Foreign  Secretary  of  the 
Geological  Society  of  London;  which  occurred  at  his  residence, 
6,  Inverness  Terrace,  on  Thursday,  the  19th  June.  An  Obituary 
Notice  will  be  given  next  month. 
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I. — On  the  Oggurbenoe  of  the  Genus  Turrilepas,  H.  Woodw., 
AND  Annelid  Jaws  in  the  UprsB  Silubian  (?  Wenlogk)  Hocks 
OF  New  South  Wales. 

By  R.  Etheripob,  Jan., 
of  the  Australian  Museum,  Sydney,  N.  S.  Wales. 

(PLATE  XI.) 

THE  correspondence  in  the  life  of  the  Wenlook  rocks  of  Great 
Britain  and  those  probably  occupying  a  similar  horizon  in 
New  South  Wales  is  a  very  marked  one.  At  present,  I  wish  more 
particularly  to  draw  attention  to  the  occurrence  of  the  genus  Turri- 
Upas  and  Annelid  jaws  in  the  Bowning  Beds  of  New  South  Wales. 
This  series  of  rocks  has  been  enthusiastically  investigated  by  Mr. 
John  Mitchell,  who,  in  his  capacity  of  Teacher  of  the  Public  School 
of  that  place  for  some  years,  had  an  excellent  opportunity  of  work- 
ing out  the  fauna  of  the  series  in  question.  His  researches  are 
detailed  in  two  papers,  "  Notes  on  the  Geology  of  Bowning,"  ^  and 
"The  Geological  Sequence  of  the  Bowning  Beds."*  Both  the 
plates  of  Turrilepas  and  the  small  Annelid  jaws  are  found  in  the 
Lower  Trilobite  bed  'of  this  series,  and  are  chiefly  from  the  typical 
locality  of  Bowning  Creek. 

Plates  of  Turrilepas.     Pl.  XL  Figs.  1-5. 

At  an  exhibition  of  some  of  the  more  characteristic  of  the  Bown- 
ing fossils  at  a  meeting  of  the  Liniiean  Society  of  New  South  Wales 
held  on  June  29th,  1887,^  Mr.  Mitchell  showed  a  few  plates  of 
Turrilepas,  as  determined  by  myself,  and  this  is  the  first  record 
of  its  occurrence  in  Australia,  so  far  as  I  am  aware. 

Two  or  perhaps  three  forms  of  plate  have  been  obtained  at 
Bowning,  including  that  termed  by  the  late  M.  Barrande  the 
'cancellated  plate'  (Figs.  4  and  5),  and  a  specimen  split  in  half,  and 
probably  representing  the  entire  organism,  with  the  plates  displaced 
generally.  The  outline  (Fig.  1)  does,  however,  so  far  approximately 
correspond  with  that  supposed  to  represent  a  perfect  Turrilepas,  that 
I  think  the  plates  may  be  looked  upon  as  more  or  less  in  situ.  In 
their  disunited  condition  they  form  a  long,  slender,  sack-like  body, 

»  Proc.  Linn.  Soc.  N.  S.  Wales,  1887.  vol.  i.  (2).  p.  1193. 

'  Report,  Austr.  Assoc.  Adv.  Science  for  1888  [1889],  vol.  i.  p.  291. 

»  JHd,  p.  294. 

*  Proc.  JLinn.  Soc.  N.  S.  Wales,  1887,  vol.  ii.  pt.  2,  p.  414. 
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one  inch  and  an  eighth  in  length,  hy  an  eighth  in  width.  Only 
the  impresBionB  of  two  plates  are  present  If  this  represents  any* 
thing  approaching  the  form  of  the  original  organism,  it  certainly 
differs  from  any  with  which  the  writer  is  acqoainted.  There  are 
traces  of  four  rows  transversely,  and  from  twelve  to  fifteen  in  a  row 
longitudinally,  hut  the  entire  Tnrrxlepa$  is  not  preserved. 

The  proportions  of  the  individual  plates  are  different  to  those  of 
the  English  Wenlock  species,  T.  Wrighiii^  de  Eon.,  sp.,^  being  mnch 
more  elongated  and  very  slender,  and  the  growth  imbrications  finer 
and  closer.  Some  of  the  plates,  as  in  Fig.  1,  are  not  unlike  T.  Seotiea, 
mihi,'  only  wanting  the  extreme  kite-like  outline  of  the  latter,  and 
fine  drawn-out  superior  end. 

The  plates  contained  in  this  slender  body.  Fig.  1,  I  believe  to 
represent  a  different  species  to  that  represented  by  Fig.  3.  The 
latter  agrees  better  with  T.  Wriyhtii,^  or  an  undescribed  species  which 
occurs  in  the  Wenlock  rocks  of  the  Pentland  Hills,  N.B.,  than  it 
does  with  either  of  the  Bohemian  species.  The  subject  of  Fig.  3  is 
a  short,  obliquely  deltoid,  or  triangular,  very  inequilateral  plate, 
strongly  carinate  ezcentrically,  and  with  a  short  pointed  apex,  the 
lower  margin  being  doubly  sigmoidal,  like  the  successive  surfaoe 
imbrications,  which  are  much  coarser  in  this  form  of  plate.  These 
transverse  lines  describe  two  unequal  sigmoidal  curves  in  their  course 
across  each  plate. 

In  a  third  form  of  plate,  not  figured  here,  the  carina  is  central 
and  narrow,  the  surface  on  one  side  plain,  the  other  with  very 
marked  imbricating  laminar  strise  deflected  downwards  almost  at 
a  right  angle  to  the  carina,  and  strongly  denticulating  the  margin 
of  tbe  plate. 

Several  cancellated  plates  occur,  but  there  is  no  resemblance 
between  them  and  those  figured  by  Barrande  from  Bohemia,^  or 
T.  Scotica,  mihi.  The  cancellated  plates  are  elongately  triangular- 
oval,  the  carina  simple,  and  slightly  ezcentric.  The  imbricating 
laminaa  are  distant,  except  along  one  margin,  where  they  suddenly 
become  parallel  to  the  latter,  and  are  quite  contiguous  to  one 
another.  Towards  the  narrower  end  of  these  particular  plates  the 
laminse  become  concentric,  thus  cutting  off  the  apical  portion,  which 
is  depressed  and  round,  although  not  perfectly  central,  nor  truly 
apical  as  regards  the  margin  of  the  plate. 

To  sum  up,  there  seems  to  be  little  doubt  that  at  least  two  species 
exist  in  the  Wenlock  rocks  of  N.  S.  Wales — one  represented  by 
Figs.  1,  2,  4,  and  5,  and  a  second  by  Fig.  3.  To  the  former  I  con- 
ceive belong  the  cancellated  plates  Figs.  4  and  5,  and  for  these, 
including  the  series  of  plates  composing  the  somewhat  disunited 
sac-like  body,  is  suggested  the  name  of  Turrilepas  Mitchelliy  mihi. 

The  remaining  plate.  Fig.  3,  will  for  the  present  remain  as 
Turrilepaa,  sp. 

>  Geol.  Mao.  1865. 

*  Mon.  Sil.  Fobs.  Girvan,  1880,  fasc.  2,  p.  214,  t.  14.  f.  22-24. 

«  Woodward,  Q.J.G.S.  1866,  vol.  xii.  t.  14 ;  Geol.  Mao.  1865,  p.  470. 

«  Syst.  Sil.  Bthdme,  1872,  i.  Suppl. 
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Jaws  of  Annelids.     PI.  XT.  Figs.  6-10. 

Originally  described  bj  Dr.  Pander  in  1856  in  connection  with  the 
fish  remains  of  the  Russian  Baltic  Silurian,  these  bodies  have  now 
been  satisfactorily  shown  by  Dr.  G.  J.  Hinde  to  be  the  homy  jaws 
of  Errant  Annelids.  Their  intermediate  history  has  been  so  fully 
treated  by  this  author  in  his  papers  mentioned  below,^  that  it  is 
quite  unnecessary  to  enter  into  the  subject.  It  is  now  sufficient  to 
state  that  these  little  bodies  have  been  found  in  strata  ranging  from 
the  Cambro -Silurian  to  the  Carboniferous,  and  it  is  stated  by  Dr. 
Hinde  that  they  "  occur  as  small  dark  shining  objects,  very  varied 
in  form,  dispersed  through  the  rock,  quite  detached  from  each  other, 
and  from  the  positions  they  occupied  in  the  head  of  the  animaL 

Except  in  cases  where  they  have  been  long  exposed  to 

weathering  influences,  the  jaws  are  of  a  bright  glossy  black  tint." 

Dr.  Hinde  further  adds  that  the  size  of  the  jaws  varies  between 
■xV  and  1  of  an  inch  in  length  ;  that  their  resemblance  to  the 
masticatory  organs  of  recent  Annelids  is  very  striking;  and  that 
so  far  as  his  researches  have  extended,  three  families  are  represented 
in  Palaeozoic  rocks— the  Eunicea,  Lycoridea,  and  Glycerea — the  first 
containing  the  largest  number  of  forms. 

In  the  case  of  the  Australian  jaws  precisely  the  same  general 
description  applies.  Three  forms  of  jaws  have  so  far  been  obtained 
by  Mr.  Mitchell,  with  a  number  of  other  indeterminable  fragments. 

Form  1. — A  jaw  plate  (Figs.  6,  7,  and  10)  composed  of  a  hori- 
zontal ramus,  terminating  anteriorly  in  a  little  curved  short  hook, 
blunt,  and  possessing  a  general  average  length  of  two  mm.  There 
are  no  perceptible  denticles,  so  far  as  observation  has  gone,  whilst  the 
posterior  end  is  excavated  into  a  V-shaped  notch.  This  so  mani- 
festly recalls  some  of  the  non-dentate  species  of  Ennicites  figured  by 
Hinde,  that  I  include  it  in  this  genus  as  E,  Mitchellu  It  does  not 
closely  approach  any  of  the  species  given  by  this  author  in  its  more 
minute  detail,  nor  does  it  exhibit  the  same  curvature  or  conical 
section  of  the  bodies  figured  as  the  pincers  of  Eunicitea  from 
Gotland,^  although  this  may  be  only  the  result  of  pressure  perhaps. 

Form  2. — The  jaw-plate  in  this  variety  (Fig.  8)  is  much  elongated, 
the  upper  and  lower  margins  sigmoidally  curved,  terminating  for- 
wards in  a  rather  long  attenuated  hook,  which  is  inclined  to  the 
ramus  at  first  nearly  at  right  angles,  and  almost  in  the  same  plane. 
The  superior  margin  is  occupied  by  a  series  of  small  denticles, 
greatly  disproportionate  in  size  to  the  anterior  hook,  about  eight  to 
ten  in  number,  and  apparently  placed  on  a  flattened  border.  Imme- 
diately below  the  denticulate  margin  is  the  most  prominent  and 
convex  portion  of  the  plate,  followed  below  by  a  concavity,  extend- 
ing along  the  central  part  of  the  plate.     This  form  (Fig.  8)  seems 

*  On  Annelid  Jaws  from  the  Carabro- Silurian,  Silurian,  and  Devonian  Formations 
in  Canada,  and  from  the  Lower  Carboniferous  in  Scotland,  Q.J.G.S.  1879,  vol.  xxxv. 
p.  370,  t.  18-20. 

On  Annelid  Remains  from  the  Silurian  Strata  of  the  Island  of  Gotland,  K. 
Svenska  Vet.-Akad.  Handlingar,  1882,  vii.  No.  5. 

'  &.  SveoBka  Vet.-Akad.  Handlingar,  1882,  vii.  no.  6,  t.  1,  f.  1-5  (separate  cop\)\. 
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to  ^ppruidi  neareat  to  ArobeBUeB  kmwtmim§^  Hmde,'  or  erm  X  c«r- 
ftjy/'f^.  Hinde,^  and  I  propose  to  oil  it  ArmhMin  kornmrngtmrn^. 

Form  Z. — AjaW'pUte  with  DnmeroiM  teech  aloi^  Ae  soperior 
m^T^pn,  and  a  simple,  short,  blunt  book  mi  the  antoior  end,  hudlj 
9\*:'i\uA  aboTe,  or  larger  than  thoae  which  aocceed  it  behind.  Tbe 
d^nriclea  ant?  eight  to  t«n  decreaaing  in  size  backwards;  sharp,  pointed 
and  rather  recurred.  Tbe  apper  and  lower  margins  are  sab^parsllel, 
and  the  plate  expanding  slightlj  towards  the  front,  whilst  tiie 
l>ffntenoT  end  is  rounded.  The  lower  margin  has  a  small  appendage 
projecting  Ijelow  the  anterior  part  of  the  basal  line. 

I  take  this  (Fig.  9)  to  be  a  species  of  (EmomUes^  and  to  be  near  (E. 
parruluM,  Hinde.'     It  is  proposed  to  call  tbe  species  (EmamiteM  Met. 

It  is  hoped  that  these  brief  and  imperfect  notes  will  be  snfficieDt 
to  call  the  attention  of  collectors  in  New  Sonth  Wales  to  tliese 
peculiar  and  interesting  little  bodies.  The  Bowning  beds  are  doubt- 
JeiM  not  the  onlj  portion  of  the  Australian  Palaeozoic  series  in  wbick 
thej  occur,  and  the  writer  would  suggest  rigid  search  being  made 
for  their  remains  in  the  Upper  Silurian  rocks  so  largely  deTeloped 
around  Melbourne,  in  Victoria,  amongst  other  places. 

LocaJilie$, — Eunicitet  Miichelli^  Arahellites  bowningenM  and  (Eto- 
niUs  hefjfis  are  all  from  tbe  Lower  Trilobite  bed  of  Bowning 
Creek  ;  but  the  first  named  has  also  been  found  by  Mr.  Mitchell  at 
Silverdale,  near  Bowning. 

EXPLANATION  OF  PLATE  XI.  ^^y 

Fui.  1.     A  ^oup  of  plates  of  Turriiepas  MitcluUi^  B.  Eth.,  jun.  (about  twice  nat. 
Yid".  2,  4.  and  5.     Three  separate  plates  of  same  species  much  enlarged. 
Fio.  3.     TurriUpai^  sp.,  also  much  enlarged. 

All  from  the  Wenlock  Limestone,  New  South  Wales. 
FiOM.  0-10.     Jaws  of  Annelides  (much  enlarged). 
FiciH.  G,  7,  and  10.     Eunicxte$  Mitehelli^  K.  £th.,  jun. 
Fio.  8.     Arabellitei  bowningennu,  K.  Eth.,  jun. 
Fio.  \i.     fJCnonitei  hebe»,  R.  Eth.,  jun. 

.\11  from  the  Lower  Trilobite  bed  of  Bowning  Creek,  New  South  "Wales,  etc. 

II. — Note  on  the  Occurrence  of  Trigonograptus  en8ifor3iis, 
Hall,  sp.,  and  of  a  Variety  of  Didtmograptus  v-fractcs, 
Salter,  in  the  Skiddaw  Slates. 

By  n.  Oliphant  Nicholson,  Esq. 

I  WISH  to  take  the  opportunity  of  recording  the  occurrence  of  the 
above-named  Graptolites  in  the  Skiddaw  Slates  of  tbe  Lake 
DiHtrict,  as  they  seem  of  exceptional  interest. 

I.  Trigonograptus  ensiformis,  Hall,  sp.     Figs.  1-2. 

Tlio  first  of  these  closely  resembles,  and  is  probably  identical 
with,  the  species  described  and  figured  by  Hall  from  tbe  Quebec 
(Iroup  under  the  name  of  Betiolites  eiisi/ormis,  Hall.*  Professor 
I  jap  worth,  however,  in  1875,  for  several  reasons,  transferred  HalFs 
IhiioUies  ensiformis   to   the  genus   Trigonograptus,^   a   transference 

1  (i.J.O.S.  vol.  XXXV.  p.  377,  pi.  xviii.  fig.  12,  1879. 

3  Jhui,  p.  377,  pi.  xviii.  figs.  13,  14,  16. 

s  K.  STonska  Vct.-Akad.  Handl.  1882,  t.  1. 

*  Orapt.  Quob.  Group,  p.  114,  pi.  xiv.  figs.  1-6. 

^  Quart.  Journ.  Qeol.  Soo.  Nov.  1876,  p.  669,  pL  xxxiv.  figs.  8«-8«. 
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which  bad  beeo  previously  suggested  by  my  father,  so  that  tha 
species  now  stands  as  Ttigonograptut  enfi/ormii,  Hall,  sp. 

The  characters  of  my  specimen  of  Trigonograplue  ensiformin.  Hall, 
sp.,  as  far  as  it  is  possible  to  mako  them  out,  are  aa  folbwe.  It  is 
the  upper  half  of  a  sublanceolate  diprionidian  polypary,  about  1^  centi- 
metres in  length.  There  is  marked  oonveTgeDoe  of  tbe  margini 
towards  tha  distal  extremity,  but  the  actual  tip  is  not  seeu.  At  its 
widest  part  it  measures  about  3  roillimetres,  and  its  total  length  if 
completed  would  be  about  3  oentimetres,  if  we  suppose  the  margins 
to  converge  similarly  towards  the  base,  as  is  shown  in  the  entire 
specimens  figured  by  Hall.  Kunning  up  the  centre  of  the  polypary 
is  a  remarkably  well-defined  and  absolutely  straight  axial  line,  and 
given  off  from  this  in  alternate  fashion  are  the  equally  well-defined 
hydrothecal  partitions.  Measured  vertically  there  are  about  ten 
hydrothece  to  the  centimetre.     No  signs  of  reticulation  are  visible. 

Tbe  specimen  which  I  have  thus  shortly  described  was  obtained 
in  the  Upper  Skiddaw  Slates  (Ellergill  Beds),  from  a  small  exposure 
in  one  of  the  feeders  of  Mosedale  Beck,  near  Troutbeck,  Cumber- 
land. It  is  in  good  preservation,  and  the  characters  included  in  the 
description  are  readily  determined.  From  its  very  peculiar  sub- 
fiisirurm  shape  alone,  if  for  no  other  character,  I  think  one  may  safely 
consider  it  to  be  identical  with  Hall's  Quebec  form,  which  Professor 
Litpworth  has  now  wisely  removed  from  the  genua  Betiolilei.  The 
present  Graptolite  is  clearly  not  referable  to  that  genus,  aa  no  trace 
of  punctation  or  reticulation  can  be  detected,  but  this  is  likewise 
a  donhtful  feature  in  Hall's  specimens,  as  he  himself  hints  at  the 
possibility  of  separating  the  species  as  the  t j  pe  of  a  n  w  genua 


Fjo.  1.— The  Bpecimen  ot  T.  tnti- 
f«rm».  Hull,  Bp.,  described  above,  o£ 
the  ntitiiiBl  size.  Uppei  Skiddaw 
SUtes  (KllergiU  Seis,),  Masedde, 
seat  Troutbeck. 

The  Trigonograptni  ensiformtt,  Hall,  sp.,  described  by  Professor 
Lapworth  from    the    Lower    Arenig    formation,   E&m«ft^  '\a\»iA, 
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resembles  my  Skiddaw  Slate  speoimen  in  many  reepeots.^  If  noi  the 
same  species,  it  is  a  very  closely  allied  fonn,  the  chief  diffeieooe 
being  its  smaller  size.  Professor  Lapwortb  also  describee  another 
species  from  the  same  locality  under  the  nftme  of  Tr^oao^ptef 
truneatuB*  which  in  many  points  resembles  my  specimen,  bat  it 
cannot  be  identical  with  it,  as  in  all  the  Ramsey  Island  spedmeos 
the  polypary  is  abruptly  terminated  by  a  straight  line  at  its  distal 
extremity,  while  in  the  present  specimen  the  margins  are  seen  to 
converge  towanls  the  distal  end,  and  clearly  meet  at  a  point  Lastly, 
I  cannot  identify  my  specimen  with  Triganograpius  laneeolabUi 
Nich.'  The  shape  of  the  polypary  in  that  species,  owing  to  the  fact 
that  the  margins  so  rapidly  diverge  distally,  is  alone  sufiScient  to 
separate  it  as  a  distinct  species. 

11.   DiDTMOGRAPTUS  V-FRACTU8,   Salter,   Var.   YOLUCEB.       Fig.    8. 

The  other  Graptolite  to  be  described  may  be  provisionally  referred 
to  Didymograptu$  \-fractus,  Salter,  of  which  it  appears  to  be,  at 
least,  a  well-marked  variety.  It  was  obtained  from  the  Skiddaw 
Slates  at  Outerside,  near  Keswick,  and  is  fairly  well  preserved. 

The  two  branches  of  the  polypary  in  the  specimen  in  question 
(Fig.  3)  are  very  distinct  They  increase  very  gradually  in  width 
from  their  point  of  origin,  and  attain  a  maximum  breadth  of  three 
millimetres. 


Fio.  ^.—LidymograptuB  Y'fractus^  Salter,  var.  volueer^  of  the  natural  size. 

Skiddaw  Slates,  Outerside,  near  Keswick. 

The  sicula  in  this  specimen  is  not  quite  complete,  but  seems  to 
taper  gradually  to  a  point.  From  the  summit  of  the  sicula  the  two 
branches  of  the  polypary  diverge,  forming  a  basal  angle  of  10°,  and 
at  a  distance  of  9  millimetres  from  their  origin  each  branch  is  bent 
abruptly  at  right  angles  to  the  sicula,  so  as  to  form  a  straight  line. 
The  denticles,  which  at  some  parts  of  the  polypary  are  well  defined, 
are  slightly  mucronate,  and  there  are  about  15  to  the  centimetre. 

It  will  be  seen  from  the  above  description  that  the  essentially 
characteristic  point  in  this  specimen  is  the  general  form  of  the 
polypary.  The  original  specimen  of  IHdymograptus  Y-fractus  was 
figured  by  Mr.  Salter  in  a  note  on  the  Graptolites  of  the  Skiddaw 

*  Zof.  cii.  supra.  «  Zoe.  eit.  p.  fi60,  pi.  xxxiv.  figs.  9«-9<i. 

'  Ann.  und  Mag.  N.  Hist.  1869.  ser.  4,  yoI.  iy.  p.  232,  pi.  xi.  fig.  6. 


H.  O.  NicAohon—Graptolitei  in  the  Skiddaw  Slates.        343 

Slates/  bat  this  figure  was  not  acoompanied  by  any  description,  and, 
BO  far  as  I  am  aware,  no  description  has  been  published  by  any 
subsequent  writer. 

Nevertheless,  the  form  of  the  polypary  in  this  species  is  so 
characteristic,  as  will  be  seen  from  the  subjoined  figure  (Fig.  4), 
that  the  species  has  been  accepted  as  valid  by  Professor  Lapworth 
in  his  classical  paper  on  the  geological  distribution  of  the  Khabdo- 
phora,'  as  also  by  Herrmann,  Tullberg,  and  others. 


Fio.  im^Didymograptus  T-fraefuSf  Salier.    Natural  size. 
Ordovician  (Skiddaw  Slates). 

In  the  original  Didymograptus  \-fractu8,  Salter,  the  basal  angle 
of  the  two  branches  of  the  polypary  is  considerably  more  open  than 
in  the  specimen  here  under  consideration,  and  tlie  curvature  of  tlie 
branches  is  effected  in  a  gradual  upward  sweep.  On  the  other  hand, 
in  my  specimen,  the  basal  portions  of  the  branches  diverge  very 
slightly,  and  then  are  reflected  abruptly,  at  right  angles  to  a  line 
traversing  the  axis  of  the  sicula. 

The  distinction  just  pointed  out  is  so  marked,  that  Professor  Lap- 
worth,  to  whom  I  submitted  the  specimen,  suggested,  that  though  it 
might  be  placed  under  Didymograptus  \-fraclus,  it  would  be  well  to 
distinguish  it  by  a  varietal  name ;  and  following  his  advice  I  have 
named  the  form  Didymograptus  Y-fractus,  Salter,  var.  volucer.  It  is 
Ly  no  means  impossible  that  future  discoveries  may  serve  to  raise 
this  to  the  rank  of  a  distinct  species. 

With  the  exception  of  the  doubtful  form  recorded  by  Baily  from 
the  Lower  Bala  rocks  of  Ireland,  under  the  name  of  Didymograptus 
Hisingeriy*  all  the  species  of  the  group  Didymograptus  y-fractus  are 
found  in  the  Arenig  Beds.  Two  species  belonging  to  this  group 
Lave  been  described  by  Tullberg,*  from  the  Arenig  Beds  of  Sweden, 
under  the  names  of  Didymograptus  halticuSy  and  Didymograptus 
vacillanSj  but  it  is  quite  unnecessary  to  discuss  the  characters  of 
these,  as  they  show  no  marked  resemblance  to  the  specimen  now  in 
question.  Salter,  in  the  paper  above  quoted,  refers  to  a  Graptolite 
recorded  by  McCoy  from  the  Ordovician  rocks  of  Victoria,  under 
the  name  of  Didymograptus  Pantonii^  and  states  that  this  shows 
a  considerable  similarity  to  his  Didymograptus  w-fractus,  McOoy*s 
form,  at  the  time  when  Salter  wrote,  had  neither  been  described  nor 
figured,  but  the  resemblance  suggested  by  him  was  accepted  by 
subsequent  writers.  Hence  Mr.  K.  Etheridge,  jun.,  in  1874, 
desciibed  and  figured  a  Didymograptus  from  the  Ordovician  rocks  of 

^  Quart.  Jouni.  Geol.  Soc.  vol.  xix.  p.  140,  fig.  13^. 
'  Ann.  and  Mag.  N.  Ilist.  ser.  6,  vol.  iii. 

•  I  regret  that  I  am  unable  to  find  a  reference  for  this. 

*  Geol.  For.  Fiirh.  No.  58,  Bd.  v.  No.  2,  p.  39,  1880. 
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Yiotoria,  nnder  the  proyiBional  title  of  DidtfrnograpiuM  PanUmii, 
McCoy.* 

McCoy,  however,  in  the  same  year,  but  apparently  at  a 
later  date,  described  the  form  in  question  as  a  speuies  of  Tetra- 
graptuBy  Salter,  and  as  probably  identical  with  Tetragraptus  frutico9v$t 
Hall.*  This  view  of  the  affinities  of  DtdymograptuB  Panlonii,  McCoy, 
was  later  accepted  by  Mr.  Etheridge.'  At  the  same  time  it  is  possible, 
that  one  of  the  two  forms  placed  by  Mr.  £theridge,  in  his  original 
paper  in  the  **  Annah"  {loc,  cit.  pi.  iii.  fig.  21),  is  really  a  species  of 
Didymograptus,  and  perhaps  may  be  identical  with  my  Didymograptm 
Y'fractuSy  Salter,  var.  volucer.  Owing,  however,  to  the  fact,  that 
the  figure  just  alluded  to  only  shows  a  part  of  the  basal  portion 
of  the  polypary,  it  is  not  possible  to  make  this  assertion  with  any 
confidence. 

The  only  other  form  which  may  be  alluded  to  is  that  named  by 
Baily  Didymogmpina  Histngeriy  from  the  Lower  Bala  rocks  of  Ireland, 
which  has  been  included  by  Herrmann  in  the  group  of  Didytno^ap^iw 
Y-fractu8,  Salter.*  I  am  not  aware,  however,  that  this  form  has 
been  either  described  or  figured,  and  I  am  therefore  unable  to  offer 
any  opinion  as  to  its  real  afBnity.  In  conclusion,  I  wish  to  express 
my  great  indebtedness  to  Professor  Lapworth,  F.R.S.,  for  his  most 
friendly  assistance  and  advice  in  the  preparation  of  this  notice. 


III. — Secular   Straining   of  the   Earth   in    Relation    to  thi 

DEEP  Phenomena  of  Volcanic  Action. 

By  T.  Mellard  Reade,  C.E.,  F.G.S.,  etc. 

THE  application  by  Dr.  Johnston-Lavis  of  the  theory  of  the 
secular  straining  of  the  Earth,  with  which  my  name  and  Mr. 
Davison's  is  connected,  to  an  explanation  of  the  deeper  phenomena 
of  volcanic  action,  is  ingenious  and  suggestive.*  It  will,  therefore,  I 
trust,  be  of  some  use  if  I  am  allowed  to  discuss  and  criticize  the 
principles  and  propositions  that  appear  to  me  to  be  necessarily 
involved  in  the  views  put  forth  by  Dr.  Johnston-Lavis.  Before 
doing  this,  I  feel  it  incumbent  upon  me  to  point  out  that  Mr.  0. 
Fisher's  position  with  regard  to  the  question  seems  to  have  been 
misunderstood.  So  far  from  occupying  an  antagonistic  position, 
he  has  done  much  to  mathematically  develop  the  theory ;  and  it  is 
only  when  we  come  to  its  practical  application  to  the  explanation 
of  geological  phenomena,  that  he,  myself  and  Mr.  Davison  differ. 

In  the  "Origin  of  Mountain  Ranges,"  and  elsewhere,  I  have 
expressed  the  opinion  that  it  is  ''a  weak  point  in  most  theories  of 
volcanic  action  that  the  machinery  invoked  is  insufficient  to  bring  up 
molten  matter  from  a  great  depth.'*  I  agree  with  Dr.  Johnston- 
Lavis  that  the  continuous  outflow  of  lava,  which  has  taken  place 
since  the  dawn  of  geological  history,  demands  a  supply  of  heat  drawn 

^  Ann.  and  Mag.  Nat.  Hist.  1874,  vol.  xiv.  series  iv.  p.  7,  pi.  iii.  figs.  21-22. 

2  Geol.  Survey,  Vict.  1874,  dec.  i.  p.  13,  pi.  i.  figs.  9-14. 

'  A  Catalogue  of  Australian  Fossils,  by  R.  Etheridge,  jun.,  F.G.S.,  1878. 

*  Die  Graptolithenfamilie  Dichograptidse,  Otto  Herrmann,  1886. 

*  Gbol.  Mao.  June,  1890. 
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from  a  central  souroe.  I  have  also  in  the  work  referred  to  indicated 
how  this  supply  of  lava  may,  through  local  variations  of  temperature 
induced  by  sedimentation,  be  pumped  up  to  the  surface,  there  to 
undergo  the  modifications  exhibited  in  ordinary  volcanic  phenomena. 

The  explanations  therein  attempted  of  deep  volcanic  phenomena 
do  not,  however,  exclude  the  co -existence  of  a  secular  and  wider 
cause,  such  as  that  formulated  by  Dr.  Johnston-Lavis. 

I  have  very  little  faith  in  the  eflScacy  of  tangential  compression, 
induced  by  secular  cooling,  as  a  mountain-building  agent,  as  the 
shell-of-compression  is  too  thin  to  produce  results  of  the  magnitude 
we  see  in  nature. 

The  shell-of-contraction  is,  as  I  have  shown,*  vastly  greater  than 
the  shell-of-compression,  and  under  certain  conditions  might  be  a 
very  efiScient  machine  for  the  forcing  up  of  lava  to  the  surface.  It 
is  these  necessary  conditions  that  I  propose  to  discuss,  and  to  inquire 
whether  there  is  a  probability  of  their  existence. 

Firstly,  then,  we  must  ascertain  under  what  conditions  the  secular 
contraction  takes  place.  The  shell-of- compression  is,  according  to 
the  highest  estimate,  not  more  than  five  miles  thick,  and  according  to 
Mr.  Fisher  is  under  two  miles. 

Below  the  under-surface  of  this  shell  the  whole  of  the  crust  of  the 
earth,  to  a  depth  at  which  cooling  ceases,  is  in  a  state  of  contraction. 
This  shell  of  contraction,  for  the  proper  conception  of  what  takes 
place,  may  be  divided  into  an  infinite  number  of  shells,  each  of 
which  contracts  at  a  different  rate,  the  shell  of  greatest  contraction 
being  situated  at  a  maximum  depth  of  54  miles  according  to  Fisher.* 

It  will  thus  be  seen  that  it  is  not  a  simple  case  of  contraction,  like 
that  of  the  tire  of  a  wheel  or  the  hooping  of  a  gun,  but  an  infinite 
compound  series  of  tires  all  contracting  at  different  rates.  Assuming 
that  the  shells  are  homogeneous  and  free  from  fractures,  it  would  be 
Tery  difficult  to  say  what  the  effective  contractile  force  of  this 
compound  would  amount  to,  even  if  we  knew  the  tensile  strength 
of  the  materials  composing  it,  which  we  do  not. 

It  could  not  contract  as  a  whole  without  internal  movements  in 
itself  partially  destroying  its  effectiveness  for  compressing  the 
nucleus.  The  problem  is  still  further  complicated  by  the  com- 
pressive-extension  produced  by  the  gravitation  of  the  overlying  shell 
of  compression  as  well  as  of  the  various  shells  or  matter  constituting 
itself.  The  idea  may  be  best  realized  by  stretching  an  elastic  band 
on  a  plane  surface  and  then  weighting  it ;  the  weighting  will  inter- 
fere with  the  contractile  force  the  band  would  otherwise  develop, 
and  if  sufficient  destroy  its  movement.  I  have  shown  that  at  the 
zone  of  greatest  contraction  "  practically  tension  could  not  take  place, 
as  the  superincumbent  strata  would  by  vertical  compression  elon- 
gate the  rocks  at  the  zone  of  greatest  contraction  to  fill  the  vacuities 
that  otherwise  would  be  created."  *  At  what  depth  compressive- 
extension  would  take  the  place  of  tensile  stress  I  am  not  prepared  to 

*  Origin  of  Mountain  Ranges,  chap.  xi. 

'  Physics  of  the  Earth^s  Crust,  second  edition,  p.  106. 

*  Origin  of  Mountain  fiaages,  p.  125. 
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aay,  as  the  molecular  condilion  of  the  materials  of  tbo  earth's  crust 
will  be  modified  by  the  pressure  leading  to  produce  compreesive- 
ex  ten  a  ion. 

In  addition  to  tbig  natural  difficulty  arising  from  the  ooQditions 
being  oiilsida  any  laboratory  exjierinients  so  far  ina<]e,  ie  also  one 
ariiiing  from  our  ignorance  ol  the  nature  and  extent  of  the  continuity 
of  strata  at  great  depths.  At  the  surface  the  rocks  are  divided  by 
fault*  and  fractures,  which  must  interefere  very  much  with  their 
action  as  au  effective  ooutracting  and  compressing  envelope  to  the 
earth's  nucleus. 

I  have  nnw  indicated  some  of  the  principal  dynamic-al  conditions 
of  the  problem  which  it  will  be  necessary  to  Lavo  answered  more 
clearly  before  we  can  arrive  at  anything  more  than  nnoertain  cod- 
clusions  na  to  the  effect  of  the  contracting  shell  on  the  earth's  nucleus. 
and  I  have  avoided  any  appeal  to  geological  phenomena  either  for  or 
against  what  may  he  provisionally  designatod  "  the  contracting  shell 
theory  "  of  deep  volcanic  action.  It  would  seem  that  aome  conipres- 
sion  must  hn  set  up  in  the  nucleus  by  aeciilar  conlrni^tion.  which  if  iint 
an  effectiva  cause  in  its.-lf  u\  (h^  expiilaioM  of  t  tv^i,  ft  t.iiy  be  in 
conjunction  with  local  thermal  effects  such  as  I  have  indioated  in 
chap.  xxi.  of  the  "  Origin  of  Mountain  Ranges."  I  do  not  think  it 
theoretically  necessary  that  there  should  be  actual  rifts  in  the  sbelli 
at  the  depths  at  whicb  release  of  pressure  will  allow  the  earth's 
magma  to  change  from  the  solid  to  the  fluid  state.  Lava  if  under 
constant  pressure  would  force  or  bore  its  way  through  any  strata 
exhibiting  local  weakness  without  a  rift  occurring.  Indeed,  as  I 
have  already  explained,  no  rift  could  oocur  at  great  depths,  because 
of  the  compression  produced  by  gravitation  or  otherwise  compressive' 
extension.  As  1  have  elsewhere  attempted  to  show,  the  rifta  connected 
with  volcanoes  must  be  comparatively  speaking  surface  phenomena, 
and  the  "feeders"  or  comniunicatiunsof  the  volcanoes  with  the  central 
reservoir  must  be  necks  or  pipes,  not  fractures. 

So  much  for  the  earth.  If  we  on  the  other  hand  turn  to  tha 
moon,  we  find  the  ring- mountains  and  other  volcanic  phenomena 
studding  its  surface  more  readily  explicable  by  the  contracting  shell 
theory.  As  gravity  on  the  moon's  surface  is  only  about  one-siitb 
that  on  the  earth's,  it  is  quite  likely,  as  I  have  already  soggeeteil, 
that  the  pressure  was  insufficient  to  produce  solidification  of  the 
moon's  nucleus,  which  would  therefore  be  a  fluid  mass  inclosed  ia 
B  gradually  thickening  solid  shell.*  If  so,  we  have  all  the  conditions 
present  for  effective  contraction  and  expulsion  of  the  fluid  magma 
at  the  surface,  for  the  shell  would  probably  have  a  greater  coefBcieat 
of  tensile  strength  than  that  of  the  earth,  and  its  greater  thickness 
proportionally  to  the  moon's  diameter  would  make  it  a  stronger 
compressing  vessel,  while  the  work  it  had  U}  do.  from  the  smaller 
size  of  the  nucleus,  its  fluid  condition  and  low  specific  gravity,  would 
be  much  less  than  in  the  case  of  a  planet  of  the  magnitude  and 

'  Sea  ttiite  by  me  appeiided  to  tiie  '^V'^  ^  ^«  Bev.  F.  Qrenrted  enlitid 
"Theoiy  of  the  Airlesa  and  Watei\euCQn&UtA  ol  'C&«'\i.wi^"  ^wac^a^  of  tiu 
Jjijerpoo\  Geol.  Soc.  tJeuiou  lft81-8. 
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solidity  of  our  eartb.  Henoe,  it  is  not  surprising  that  there  should 
be  signs  of  that  vast  welling  out  of  lava  we  see  so  plainly  on  the 
surface  of  the  moon  in  the  form  .  of  rings  50  miles  in  diameter  and 
10,000  feet  high.  The  moon  therefore  seems  to  afford  an  example 
of  volcanic  action  minus  water — a  phenomenon  it  was  at  one  time 
supposed  could  not  exist 


IV. — VULOANO   AND   StROMBOLI.^ 

By  L.  W.  FuLCHER,  B.Sc, 
of  the  South  Kensington  Mnseam  (Science  Branch). 

SINCE  the  excellent  and  interesting  series  of  papers  on  the  history 
and  description  of  these  celebrated  volcanoes  by  Professor  Judd, 
which  appeared  in  the  Gbological  Maoazink  for  1875,  there  is,  as 
far  as  I  know,  no  connected  record  of  their  condition.  The  islands, 
though  affording  such  excellent  opportunities  for  the  study  of  volcanic 
action,  are  but  rarely  visited  by  geologists;  but  having  had  the 
opportunity  of  examining  them  myself  in  the  autumn  of  last  year  as 
a  member  of  the  party  arranged  by  Dr.  Johnston-Lavis  under  the 
auspices  of  the  Geologists*  Association,  I  thought  it  would  be  well, 
whilst  recording  my  own  observations,  to  prefix  a  brief  account  of 
the  volcanoes  since  the  above-mentioned  date.  The  information,  on 
which  the  following  brief  sketch  is  based,  has  been  derived  partly 
from  a  series  of  papers  by  Prof.  Mercalli,*  on  notes  derived  by  cor- 
respondence with  Sig.  Pincone,  the  former  manager  of  the  lately 
existing  Chemical  Works  at  Vulcano,  who  now  resides  at  Lipari,  and 
partly  from  papers  in  various  periodicals  to  which  I  will  refer  as 
occasion  requires. 

I. — YULCANO. 

After  having  been  in  almost  complete  repose  for  nearly  a  century, 
Vulcano  resumed  its  activity  in  September,  1873,  and  has  not  since 
returned  to  its  former  tranquillity.  When  Prof.  Judd  visited  it  in 
April,  1874,  the  crater  was  over  400  feet  deep,  with  a  floor  whose 
diameter  was  about  200  yards.  The  crater  walls  rose  vertically  at 
the  bottom,  but  afterwards  sloped  outwards  at  an  angle  of  about  45^ 
so  that  the  diameter  of  the  crater  rim  was  about  600  yards.  The 
crater  floor  was  much  encroached  upon  by  a  talus  of  materials  shaken 
down  from  the  adjoining  crater  wall,  and  especially  by  a  series 
of  irregular  cones  of  fragmentary  materials  around  the  orifices  of 
ejection  on  the  northern  side.  There  were  four  mouths  still  open, 
from  which  considerable  quantities  of  vapour  escaped.  All  over  the 
sides  and  bottom  of  the  crater  fumaroles,  some  of  very  large  pro- 
portions, were  discharging  acid  vapours  and  gases.  Around  their 
orifices  were  deposits  of  white,  yellow  and  red  incrustations.  Half- 
way down,  on  the  slope  of  the  cone,  was  a  little  crater — the  Fossa 
Antiocha — whose  floor  was  about  60  yards  in  diameter.  To  the 
west  of  this  crater,  on  the  north-west  side  of  the  cone,  was  an 
obsidian  lava  flow. 

In  1873  the  crater  had  been  purcbaaed  by  an  ¥!»ti^\^  OiWXi'^^iK^ 

'  Atti  8oc.  ItaL  Sci.  N&t.  Milan,  vols.  %l,  24,  %1 ,  *l^  «jA^\. 
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for  the  purpose  of  oolleoting  the  chemioal  prodacts,  boracic  acid,  lal- 
ammoniao,  sulphur  and  alum,  which  the  volcano  affords  in  large 
quantities  and  at  the  time  of  Prof.  Judd's  visit  there  was  a  well- 
made  road  proceeding  by  zig-zags  up  the  side  of  the  cone,  and 
descending  into  the  crater  by  means  of  a  viaduct,  to  facilitate  the 
conveyance  of  the  products  of  the  "fabbrica"  near  Faraglione. 
Hei-e  the  products  were  roughly  separated  and  forwarded  to  England 
for  purification. 

The  cone  presented  a  similar  appearance  to  Prof.  Mercalli,  who 
visited  it  four  years  later,  in  1878,  except  that  another  orifice  about 
12  feet  in  diameter  existed  in  the  east  side  of  the  crater  fioor.  It  did 
not  then  exhale  any  vapour.  It  was  produced  by  a  slight  eruption 
in  1876.  Prof.  Mercalli  also  noticed  subterranean  rumblings,  which 
were  especially  audible  on  the  north  side.  From  1873  to  1879 
Yulcano  continued  in  activity,  at  least  one  eruption  occurring  in  each 
year,  llie  ejected  material  were  ashes  and  lapilli,  which  in  the 
eruption  of  July,  1876,  were  carried  by  the  wind  as  far  as  Lipari 
and  Salina.  No  lava  has  been  emitted  in  any  of  the  eruptions  from 
1873  up  to  the  present  time.  Indeed,  the  last  lava  flow  was  that 
obsidian  stream  mentioned  above  as  existing  on  the  north-west  of  the 
crater,  which  is  usually  assigned,  on  the  testimony  of  Dolomieu,  to 
the  year  1775,  but  on  the  authority  of  Trovatini,  a  Liparote  monk, 
who  in  the  early  part  of  the  present  century  (1810)  described  a 
violent  eruption  of  this  crater  as  having  taken  place  in  February, 
1771,  inclines  Prof.  Mercalli  to  this  latter  year  as  more  probable. 

The  gases  evolved  by  the  fumaroles  were  often  ignited,  the  fiames 
being  tinged  with  various  colours,  according  to  the  nature  of  the 
minerals  (arsenic,  sulphur,  or  boracic  acid)  which  were  predominant 
in  their  exhalations.  In  one  case,  the  eruption  of  1873,  one  of  the 
fumaroles  burnt  with  a  pale  fiame  which  has  been  attributed  to  pure 
hydrogen,  but  although  hydrogen  has  been  detected  among  the 
gaseous  emanations  of  this  volcano,  one  cannot  help  thinking  that  it 
was  more  probably  due  to  sulphuretted  hydrogen. 

In  January,  1880,  Mr.  Rodwell  ascended  the  cone.  Steam  was 
issuing  at  high  pressure  from  various  orifices.  On  the  south-west 
side  of  the  crater  floor  was  a  large  opening,  from  which  exceedingly 
hot  air  arose.  Hot  sand  and  green  and  blue  flames  were  occasionally 
emitted,  while  loud  rumblings  proceeded  from  it  as  if  much  agitated 
lava  existed  below,  but  no  lava  could  be  seen.  For  the  five  years 
1880-1885  Vulcano  seems  to  have  been  comparatively  tranquil, 
only  emitting  dense  volumes  of  "  smoke  "  at  times.  But  in  Januaiy, 
1886,  it  broke  out  again  with  great  violence.  On  the  10th  January 
it  ejected  scorise  and  a»hes,  and  the  eruptions  continued  with  moderate 
energy  till  they  culminated  in  a  tremendous  explosion  on  the  26th.* 
Incandescent  material,  scorise  and  ashes,  some  of  the  ejeotamenta  being 
of  very  large  size,  were  shot  out  in  abundance  with  a  terrific  uproar. 
The  chemical  works  were  destroyed,  and  many  of  the  workmen  in 
fear  abandoned  the  island  and  took  refuge  at  Lipari.  A  small 
internal  cone  was  in  the  crater,  but  after  a  while  disappeared. 

^  Nature,  vol.  zxi.  p.  400. 
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In  May,  1887,  Dr.  Johnston-Lavis  visited  Vulcano,  accorapaiiied 
by  Sig.  Platania.*  They  found  tbat  the  eruption  of  1886  had  drilled 
out  the  crater  so  that  they  were  unable  to  descend  into  it  The 
floor  of  the  crater  was  covered  by  a  layer  of  purplish-grey  ash 
washed  down  from  the  sloping  sides,  and  the  fissures  in  it  were 
blowing  off  steam  in  great  quantity.  The  edges  of  the  fissures  on 
the  bottom  and  lower  part  of  the  sides  were  covered  by  a  yellow 
crust  of  sulphur,  boracio  acid,  etc. 

It  presented  the  same  appearance  to  Prof.  Blake,  who,  however, 
about  the  time  was  enabled  to  enter  the  crater  by  a  well-made  path.' 

A  very  violent  eruption  occurred  in  August,  1888.  Mr.  Narlian 
wrote  an  exceedingly  graphic  description  of  the  phenomena  in  a 
letter  to  Dr.  Johnston-Lavis,'  which  has  been  considered  worthy 
to  stand  side  by  side  with  Pliny  the  Younger's  description  of  the 
Yesuvian  eruption  of  a.d.  79.  An  outburst  occurred  from  the  crater 
on  the  3rd  of  August,  and  after  lasting  about  a  quarter  of  an  hour, 
ended.  This  was  followed  by  rushes  of  thick  black  smoke  at 
intervals  of  20  to  30  minutes,  but  towards  the  evening  these  also 
ceased.  As  night  approached,  the  fumaroles  on  the  side  of  the  cone 
were  very  active,  and  began  to  show  flames.  Towards  morning 
a  tremendous  explosion  took  place,  and  large  incandescent  boulders 
were  shot  out  to  a  considerable  distance,  while  a  burning  rain  of 
ashes,  lapilli,  and  stcmes  set  light  to  the  trees  and  vineyards  situated 
around  the  base  of  the  cone.  Mr.  Narlian's  house  was  laid  in  ruins : 
a  huge  boulder  falling  on  the  roof  crashed  its  way  right  through  the 
house.  A  boulder,  not  less  than  ten  yards  in  diameter,  was  ejected 
nearly  three-quarters  of  a  mile  from  the  crater,  and  buried  itself 
some  10  or  11  feet  in  the  ground.  The  volcano  became  quiet  on  the 
6th  of  August,  and  remained  so  for  13  days ;  but  on  the  18th  the 
eruptions  recommenced  with  loud  detonations. 

In  a  later  letter  of  Mr.  Narlian's  to  Dr.  Johnston-Lavis,*  it  is 
stated  that  the  eruptions  were  still  going  on  in  November,  and 
a  change  in  the  character  of  the  ejectamenta  was  noted.  At  first, 
stones  were  being  ejected,  but  afterwards  pumice  of  a  dark  rough 
kind.  It  is  worthy  of  notice  that  during  this  eruption  Stromboli 
did  not  exhibit  the  slightest  increased  activity. 

Shortly  afterwards  the  volcano  was  visited  by  Signer  Giovanni 
Platania,  together  with  Prof.  Silvestri  and  other  gentlemen.*  The 
crater  did  not  occupy  the  central  part  of  the  cone,  but  opened  more 
to  the  west,  and  its  internal  walls  showed  several  beds  of  altered 
materials  of  old  eruptions.  It  was  deeper  than  in  1887.  The 
bottom  was  formed  of  enormous  blocks  of  old  altered  lavas  and 
furrowed  by  large  fissures  which  were  blowing  off  steam  very 
actively.  The  coloured  sublimations  which  covered  the  bottom  and 
walls  of  the  crater  in  1887  had  disappeared.  Eruptions  occurred 
with  a  loud  noise  at  intervals  of  a  few  seconds.  A  grey  "smoke" 
arose  from  the  bottom  of  the  crater,  consisting  of  ashes  accompanied 

*  Natare,  toI.  xxxviii.  pp.  13,  14.  '  Proc.  Geol.  Assoc,  vol.  xi  p.  176. 

'  Brit.  Assoc.  Report.  1888,  pp.  665-6.  *  Nature,  yoI.  xzxix.  p.  111. 
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by  large  blooks  which  fell  back  into  the  crater.  Sig.  Platania  also 
thonght  he  could  detect  a  certain  correspondence  of  the  strong^ 
eruptions  with  barometric  minima. 

Prof.  SHvestri  considers  that  the  phenomena  of  the  eruption 
described  above  characterize  a  special  phase  of  activity  which  he  has 
also  observed  at  Etna,  and  to  which  he  proposes  to  apply  the  title 
of  Vfdcanian  phase,^  corresponding  to  the  terms  already  in  use,  viz. 
Plinian  phase  for  that  of  greatest  activity  accompanied  by  seismic 
paroxysms,  and  Siromholian  phase  for  that  of  moderate  activity.  The 
Vulcanian  phase  is  then  characterized  (1)  by  intermittent  eruptions 
of  enormous  masses  of  vapour,  carrying  up  with  it  ashes  and  lapilli 
and  the  ejection  of  fragments  of  ancient  lavas,  as  well  as  bombs  of 
fresh  lava;  (2)  by  the  tranquillity  of  the  ground — only  one  very 
slight  tremor  having  been  felt  before  the  eruption  just  described; 
(3)  by  the  want  of  lava  streams,  although  the  presence  of  fused 
material  at  great  depth  is  attested  by  the  production  of  bombs. 

In  September,  1889,  I  formed  one  of  the  party  conducted  by  Dr. 
Johnston-Lavis  to  the  Lipari  Islands.  We  visited  Yulcano  on  the 
2l8t  September,  and  again  on  the  23rd.  After  inspecting  the  ruins 
of  Mr.  Narlian's  house  and  the  Chemical  Works,  we  ascended  the 
cone.  The  crater  presented  a  very  different  appearance  to  that 
which  it  did  before  the  last  eruption.  It  was  almost  completely 
filled  up  with  fragmentary  material,  being  not  much  more  than 
60  feet  deep  below  its  lowest  edge,  as  judged  by  the  eye.  Its 
diameter  was  about  600  feet.  The  surface  was  covered  with  brown 
ash,  and  strewn  with  small  blocks  of  ejected  bombs.  At  varying 
intervals  of  20  minutes  or  so,  without  any  warning  and  with  a 
rushing  sound,  inaudible  at  any  distance  away,  an  immense  column 
of  fine  dust  and  small  pieces  of  scoriae  rose  in  the  air  to  a  vast  height. 
The  scorisB  quickly  fell  back  on  the  crater  rim  with  a  noise  like 
hail,  while  the  dust  rose,  carried  up  by  the  immense  quantities  of 
vapour,  to  several  times  the  height  of  the  cone.  Since  the  cone  is 
about  1000  feet  above  sea-level,  the  dust  column  must  have  been 
some  thousands  of  feet  in  height.  Standing  on  the  windward  side 
of  the  crater,  we  were  able  to  watch  many  of  these  eruptions,  but 
they  all  presented  the  same  phenomena.  One  eruption,  however, 
that  we  witnessed  after  nightfall  on  the  first  day  (September  18)  of 
our  arrival  at  Lipari,  was  of  a  more  violent  character.  The  dust 
column  broke  out  with  a  ruddy  glow  at  the  base,  and  some  large 
blocks  were  shot  out  on  to  the  sides  of  the  cone,  while  a  bright  fiash 
of  lightning  lit  up  the  scene. 

The  Fossa  Anticcha  has  now  disappeared,  being  filled  up  with  the 
fragmentary  material  which  covers  the  sides  and  district  around  the 
cone  to  some  depth.  About  the  spot  where  it  existed  are  several 
fumaroles,  from  one  of  which  we  secured  some  of  the  brilliant  red 
(realgar),  yellow  (sulphur)  and  white  (alum,  etc.)  sublimations,  with 
which  its  orifice  was  surrounded. 

Around  the  base  of  the  cone,  and  especially  on  the  level  ground 
by  Mr.  Narlian's  house,  were  scattered  large  quantities  of  voloanio 

'  Comptes  Eendus,  torn.  cix.  (1889)  p.  241. 
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bombs,  with  the  "  bread  crust  structure/'  which  have  been  describe^ 
by  Dr.  Johnston-Lavis.*  Here  and  there  we  caroe  across  a  series  of 
slight  depressions  in  the  ground,  where  a  bomb  had  rebounded,  and 
which  the  wind  had  not  yet  had  time  to  fill  up  with  volcanic  dust  to 
the  level  of  the  surrounding  surface.  In  other  places  the  bombs  had 
broken  into  a  multitude  of  fragments,  or  had  partially  buried  them- 
selves in  the  dust.  Some  of  the  bombs  contained  in  the  outer 
coating  of  obsidian,  which  surrounds  their  pumiceous  interior, 
pieces  of  lava  (augite  andesite)  which  had  been  caught  up  in  them, 
and  also  some  remarkable  inclusions  of  a  milky  white  substance, 
which,  when  collected,  were  supposed  to  be  quartz.  They  possessed 
somewhat  the  appearance  of  a  sandstone  in  which  the  grains  of 
quartz  had  fused  into  one  another,  but  a  section  cut  from  a  specimen 
reveals  a  very  different  tale.  With  the  exception  of  various  small 
areas  of  quartz,  with  small  liquid  inclosures,  it  consists  of  a  vesicular 
isotropic  glass,  which  contains  here  and  there  fragments  of  a  felspar 
much  kaoliuized,  the  edges  of  which  fade  gradually  into  the  sur- 
rounding glass.  Mr.  G.  A.  J.  Cole,  who  has  very  kindly  examined 
the  section  which  I  had  prepared  for  me,  is  inclined  to  the  opinion 
that  it  is  the  result  of  the  fusion  of  some  kind  of  granitoid  rock. 

The  obsidian,  in  which  it  is  inclosed,  contains  in  its  glassy  basis 
crystals  of  sanidine  and  augite,  which  is  very  strongly  pleochroic, 
the  colour  changing  from  yellow-brown  to  green.  Hence  the  augite 
probably  contains  a  large  per-centage  of  soda.  There  are  also 
numerous  small  round  crystals  too  small  for  determination  under 
the  microscope  only.  I  understand,  however,  that  Dr.  Johnston- 
Lavis  is  engaged  in  an  examination  of  the  ejectamenta. 

In  a  short  sketch,  published  in  the  Scottish  Geographical  Magazine 
for  March,  1890  (of  the  visit  of  our  party  to  the  Italian  volcanoes). 
Dr.  Johnston-Lavis  adduces  some  interesting  evidence  from  the 
rupture  of  the  telegraphic  cable  between  Lipari  and  Sicily  of  a 
probable  submarine  eruption  near  the  island  of  Vuleano. 

Again,  a  letter  from  Dr.  Johnston-Lavis  in  "  Nature,"  for  May  22, 
1890,  announces  a  new  eruption  of  Vuleano  on  March  16,  when 
a  loud  explosion  occurred.  Some  windows  were  broken  at  Lipari 
(six  miles  distant)  and  a  rain  of  lapilli  and  condensed  vapour  fell 
upon  the  town.  The  eruptions  lasted  with  diminishing  activity  till 
the  17th,  when  they  ceased.  The  crater  is  somewhat  deeper  than 
in  September,  1889,  and  some  new  fumaroles  have  appeared  inside 
its  walls. 

n. — Stromboli. 

This  volcano,  on  account  of  its  greater  inaccessibility,  is  much  less 
^^sited  than  Vuleano,  and  the  records  of  its  condition  from  time  to 
time  are  very  scanty.  Starting  from  the  same  point  as  in  the  case 
of  Vuleano,  namely,  Prof.  Judd's  visit  in  April,  1874,  we  find  that 
the  thick  clouds  of  vapour  prevented  an  observation  of  what  was 
takinu;  place  at  the  bottom  of  the  crater.  The  eruptions  succeeded 
one  another  at  intervals  of  from  two  to  ten  minutes,  and  consisted  of 

^  Hator^  vol.  xxxix.  p.  109. 
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violent  outbursts  of  steam,  carrying  aloft  fragments  of  lava,  scorisB 
and  ashes.  Prof.  Judd  thought  that  there  were  at  least  two  orifices 
in  the  crater  discharging  independently.  On  the  north  side  of  the 
crater  he  observed  a  fissure  encrusted  with  yellow  salts. 

Two  months  later,  in  June,  there  appears  to  have  been  somewhat 
greater  activity,  the  volcano  ejecting  blocks  into  the  inhabited 
district  of  the  island,  which  is  situated  at  a  distance  of  about  two 
miles  from  the  crater.  I  cannot  find  any  records  of  the  state  of  tlie 
volcano  for  the  next  four  years;  but  on  4th  Feb.  1879,  an  eruption 
occurred  with  a  loud  detonation  which  was  heard  to  the  south  of 
Vulcano,  a  distance  of  45  kilometres  (28  miles).  Volumes  of 
**  smoke  "  arose  from  the  crater,  while  the  surface  of  the  sea  was 
covered  for  some  distance  with  floating  pumice.  In  June  of  the 
same  year  there  was  also  a  slight  outburst.  Mr.  Bodwell  visited 
Stromboli  in  1880,  and  states  that  it  was  giving  off  enormous  quanti- 
ties of  steam,  but  the  ejection  of  red-hot  scorisd  only  occurred  at  long 
intervals.  The  volcano  remained  in  a  tranquil  state  till  1882,  when 
a  very  important  eruption  took  place. 

After  several  minor  outbursts  in  the  months  of  January,  March 
and  April,  the  activity  culminated  in  November.  On  the  17th  of 
this  month  at  10*30  p.m.  a  loud  detonation  was  heard,  and  scons 
and  ashes,  together  with  steam,  were  ejected  in  great  abundance 
for  a  few  minutes  and  then  ceased.  A  subsultory  eai*thquake  shock 
was  felt,  indicating  internal  disturbances,  and  some  hours  later  the 
mountain  was  lighted  up  by  an  immense  quantity  of  incandescent 
material  which  was  thrown  to  a  considerable  height.  Simultaneously 
another  earthquake  shock  was  perceived,  and  a  detonation,  "  as  if 
1000  cannons  had  exploded  at  once,"  caused  great  consternation 
among  the  inhabitants.  No  one  at  Stromboli  had  ever  heard  such 
an  explosion.  It  was  caused  by  the  opening  of  five  lateral  mouths 
on  the  slope  of  the  Sciarra  about  100  metres  below  the  ordinary 
crater.  These  discharged  incandescent  material  and  ashes  with 
greater  violence  than  the  central  crater  had  ever  shown.  ITie 
eruptions  continued  with  more  or  less  violence  till  December,  when 
the  lateral  mouths  closed,  and  the  central  crater  resumed  its  ordinary 
activity.  No  lava  issued  during  the  eruption,  and  Vulcano  remained 
perfectly  tranquil.  Prof.  Mercalli  thinks  that  this  eruption  is  pro- 
bably the  most  violent  which  has  happened  during  the  recorded 
history  of  Stromboli,  a  period  of  some  2000  years.  The  inhabitants 
had  never  seen  their  volcano  in  such  activity,  and  even  thought  of 
abandoning  the  island.  Another  very  remarkable  feature  of  this 
eruption  is  that  the  ejectamenta  issued  from  lateral  mouths.  Never 
before  has  a  lateral  eruption  been  recorded  at  Stromboli. 

In  February,  1883,  we  gather  from  the  notes  supplied  by  Signer 
A.  Pincone  to  Prof.  Mercalli  that  Stromboli  again  broke  out  and 
covered  the  surface  of  the  sea  for  more  than  a  mile  from  the  island 
with  a  reddish  dust.  Again,  in  March,  a  detonation  was  beard  and 
the  sea  covered  with  pumice.  On  the  3rd  July  great  quantities  of 
ash  were  ejected,  and  the  volcano  subsided  into  a  more  tranquil  state 
than  usual,  which  continued  for  the  next  few  years. 
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In  Jane,  1887,  Dr.  Johnston-Lavis  and  Signor  Platania  yisited  the 
crater.  They  state  that  it  was  very  quiet,  only  throwing  out  a  very 
few  fragments  of  pasty  lava  cake  at  long  intervals.  In  fact,  only 
four  or  five  explosions  were  witnessed  by  them  in  a  four  hours'  stay 
at  the  summit  So  slight  were  the  ejections  that  they  were  even 
able  to  land  on  the  beach  at  the  foot  of  the  Sciarra.  Five  months 
later,  however,  the  activity  increased,  since  on  November  17th  the 
sea  was  covered  with  pumice.  It  was  in  a  state  of  repose  in  August, 
1888,  according  to  Signor  Giovanni  Platania. 

The  19th  September  was  set  apart  for  our  examination  of  Strom- 
boli  during  our  stay  at  Lipari.  We  ascended  the  cone  from  the 
north  side.  In  the  crater,  when  the  wind  carried  ofif  some  of  the 
vapour,  we  could  make  out  five  mouths,  from  one  or  other  of  which 
an  eruption  occurred  at  intervals  of  a  few  minutes.  The  eruption 
began  with  a  dull  report,  accompanied  by  volumes  of  steam,  whilst 
a  multitude  of  pieces  of  red-hot  lava  were  shot  into  the  air  to  a 
height  of  two  or  three  hundred  feet  and  fell  back  partly  into  the 
crater  and  partly  around  the  sides  with  a  sharp  rattling  sound.  The 
scoria  lumps  which  happened  to  fall  on  the  slope  of  the  Sciarra  rolled 
in  a  cascade  towards  the  sea,  but  few  of  the  pieces  reached  it  Now 
and  then,  between  the  eruptions,  a  curious  ring  of  white  vapour 
would  arise  from  one  of  the  mouths,  and  gradually  ascend  in  the 
air,  revolving  and  twisting,  but  preserving  the  form  of  a  ring  for  a 
considerable  time.  After  watching  the  action  going  on  below  from 
the  summit,  we  descended  along  the  western  arm  of  the  ridge  and 
reached  a  spot  where  we  could  watch  the  eruptions  nearly  on  a 
level  with  the  erupting  vents.  Here  quantities  of  light  lapilli  fell 
on  and  around  us  after  every  explosion.  Continuing  our  way  along 
the  precipice,  we  were  able  to  obtain  a  view  of  the  crater  from  the 
front,  that  is,  the  seaward  side*  where  the  same  phenomena  presented 
themselves.  Just  below  one  of  the  mouths,  and  for  a  short  distance 
down  the  Sciarra,  a  piece  of  lava  would  now  and  then  break  off  and 
roll  towards  the  sea,  exposing  a  red-hot  surface  beneath.  The 
effect  of  the  eruptions  was  very  fine  at  night.  We  did  not  observe 
any  coloured  incrustations  in  tbe  crater  nor  were  we  able  to  see  the 
lava  rising  and  falling  in  the  tube  as  described  by  Spallanzani 
and  others. 

Signor  Platania,  who  accompanied  our  party,  has  written  a  descrip- 
tion ^  of  the  state  in  which  we  found  both  this  volcano  and  Vulcano, 
and  compared  it  with  the  appearance  it  presented  on  his  former  visit. 

Such,  then,  is  a  brief  description  of  the  phenomena  presented  by 
these  volcanoes  since  1874.  The  record  is  indeed  very  scanty,  and 
there  is  great  need  of  tbe  systematic  observation  and  examination 
of  the  materials  ejected.  Of  late  years,  however,  there  seem  to  be 
more  workers  in  the  field,  and  I  believe  an  observatory  at  Lipari  is 
in  contemplation,  so  that  greater  use  will  be  made  of  the  facilities 
which  these  islands  afford  for  the  study  of  volcanic  action. 

*  Bol.  Osser.  Meteor,  d.  R.  1st.  Naut  Riposto,  xv.  (1889). 
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y.— On  thv  Babx  of  thx  Sxdimevtaby  Skbixs  in  England  axd 

Walks. 
By  the  Ber.  Prof.  J.  F.  Blakb,   M.A.,   P.G.8. 

{Concluded  from  ihs  July  Number ,  p.  315.) 

3.  North-west  CamarvonBhire. — There  are  here  two  or  three  separate 
areas  which,  at  all  events  historically,  must  be  considered  more  or 
less  independently,  viz.  the  district  between  Bangor  and  Carnarvon, 
the  Llyn  Padam  and  Moel  Tryfaen  range,  and  the  Lleyn  Peninsula. 
Except  in  reference  to  the  last  of  these,  it  is  certain  that  the 
belief  in  Precamhrian  rocks  in  Carnarvonshire  began  with  Prof. 
Hughes.  This  author,  indeed,  quotes  Prof.  Sedgwick  as  recognizing 
such  rocks  here,  but  the  passages  he  quotes  have  a  very  different 
meaning  in  the  original.  The  slates  near  Bangor  and  Carnarvon, 
which  Sedgwick  says  are  amongst  the  oldest  of  North  Wales,  are  those 
which  occur  "  along  the  shores  of  the  Menai  Straits  from  Bangor  to 
Carnarvon,"  which  he  describes  as  "dark  earthy-coloured  slates  which, 
were  we  to  judge  only  by  mineral  structure,  might  easily  be  con- 
founded with  Upper  Silurian  rocks,"  and  these  are  "cnt  through  by 
a  great  intrusive  rib  of  syenitic  porphyry  of  a  different  epoch,  which 
ranges  nearly  with  the  beds."  In  the  section  he  draws,  from  the 
Menai  Straits  to  Glyder  Fawr  on  the  Carnarvon  Chain,  in  an  E.S.E. 
direction,  which  therefore  must  pass  near  Carnarvon,  he  indicates  by 
the  same  letter  a  the  rocks  on  both  sides  of  the  porphyry,  and  inserts 
no  fault  From  all  this  it  is  plain  that  what  Sedgwick  regarded  as  the 
very  oldest  rocks  in  North  Wales  are  those  which  have  since  been 
recognized  as  Carboniferous  shales  on  one  side,  and  Arenig  slates  on 
the  other  I  Like  Prof.  Sedgwick,  Prof.  Ramsay  also  taught  the  in- 
trusive character  of  the  crystalline  rock,  about  which,  at  Llyn  Padam, 
he  held  a  very  peculiar  theory.  It  was  in  1878  that  Prof.  Hughes 
for  the  first  time  brought  forward  evidence  in  favour  of  the 
Precamhrian  age  of  the  "porphyries,"  and  of  the  rocks  near  Bangor. 
The  principal  point  of  his  paper  is  that  there  are  always  con- 
glomerates on  the  eastern  boundary  of  this  group,  which  proves  that 
the  latter  are  older  than  the  conglomerates.  But  what  is  the  age 
of  these  conglomerates  ?  On  this  point  he  brings  forward  no 
evidence  whatever,  but  merely  asserts  that  the  conglomerates  "  form 
everywhere  the  basement  bed  of  the  Cambrian."  Now  there  are 
three  conglomerates  in  question  :  (1)  that  at  Twt  Hill ;  (2)  that  at 
Llandeiuiolen ;  (3)  that  on  the  east  of  Bryniau  Bangor.  AH  these 
three  Prof.  Hughes  takes  to  be  the  same,  and  Prof.  Bonney  now 
identifies  Nos.  1  and  3.  My  own  examination  of  the  district,  how- 
ever, yielded  satisfactory  evidence  that  they  are  all  of  different  ages. 
The  Twt  Hill  conglomerate  is  quite  of  a  different  character  to  either 
of  the  others,  being  far  more  quartzose ;  it  is  followed  rapidly  at 
that  spot  first  by  grits  and  then  by  slates,  which  are  perfectly  con- 
tinuous with  those  carrying  Arenig  fossils,  and  the  same  succession 
may  be  traced  on  a  curved  line  as  far  as  Llandeiuiolen,  and  thence 
along  a  line  which  runs  east  of  and  is  transverse  to  the  Brynian 
Bangor  conglomerate.    This  theu  is  an  Arenig  conglomerate  forming 


The  Rev.  Prof.  Blake — Base  oftlie  Sedimentary  Series,     355 

the  base  of  that  series,  and  unconformable  on  all  the  beds  below. 
The  Llaneiniolen  conglomerate  contains  a  different  set  of  pebbles, 
some  of  which  correspond  to  the  Twt  Hill  igneous  rock,  and  the 
neighbouring  felsites.  It  runs  obliquely  to  the  Arenig  conglomerate 
in  a  N.N.W.  direction,  and  is  followed  on  the  dip  side  by  other  con- 
glomerates and  ashy  beds,  with  intervening  compact  halleflintas  or 
slates,  as  demonstrated  by  Prof.  Bonney.  It  is  thus  entirely  distinct 
from  and  older  than  the  Twt  Hill  conglomerate.  Further  north  on 
the  same  dip  comes  the  Bryniau  Bangor  conglomerate  in  the  midst 
of  similar  halleflintas,  and  this  therefore  is  a  higher  conformable  bed 
of  the  same  series.  But  though  of  the  same  series,  it  is  not  identical 
with  the  Llandeiniolen  conglomerate,  as  is  proved  by  the  careful 
stratigraphy  of  Professor  Bonney  against  the  statement  of  Prof. 
Hughes,  who  acknowledges  not  to  have  examined  the  critical  parts 
of  the  area.  The  Bryniau  Bangor  conglomerate  is  not,  therefore,  in 
spite  of  its  large  pebbles,  the  base  of  any  series,  but  is  due  to  the 
denudation  of  some  new  mass  of  felsite  which  has  previously  been 
covered.  The  only  basal  conglomerates  as  proved  by  stratigraphy 
are  the  Twt  Hill  one,  which  is  the  base  of  the  Arenig.  and  the 
Llandeiniolen  one,  which  is  the  base  of  some  older  series.  These 
results  are  in  absolute  accordance  with  the  mapping  of  the  Geo- 
logical Survey.  All  therefore  we  know  about  the  group  of  rocks 
between  Bangor  and  Carnarvon  is  that  they  are  Pre- Arenig. 

The  Pre- Arenig  rocks  are  considered  by  the  Geological  Survey  to 
be  altered  Cambrian  intruded  upon  by  felspar  porphyry.  This  last 
conclusion  cannot  possibly  be  correct  seeing  that  the  bedded  portions 
contain  fragments  of  the  porphyries,  etc.,  which  are  nowhere  else  to 
be  matched  in  the  district.  The  tout  ensemble  of  the  bedded  rocks  is 
exceedingly  volcanic,  being  almost  entirely  conglomerates,  agglome- 
rates, ashes,  and  halleflintas.  We  must  not  assume  that  the  Geo- 
logical Survey  has  overlooked  this  fact,  and  has  imagined  that  the 
onlinary  slates  and  grits  could  change  into  such  as  these.  We  must 
read  the  words  "  altered,  Cambrian  "  with  a  comma,  and  as  intended 
to  indicate  two  distinct  opinions,  that  they  must  be  classified  with 
the  Cambrian  (though  they  may  be  lower  beds  than  any  elsewhere 
seen),  and  that  they  are  altered.  Perhaps  their  only  direct  connection 
with  ordinary  Cambrian  rocks  is  the  occurrence  amongst  them  on 
the  west  of  Bangor  and  elsewhere  of  purple  slates.  They  are 
entirely  cut  off  on  the  east  by  the  overlap  of  the  Arenig.  Under 
these  circumstances  all  that  can  be  said  at  present  is  that  as  the 
Cambrians  nearest  on  the  east  have  no  base,  and  these  have  no 
summit ;  it  is  highly  probable  that  the  two  wants  are  satisfied  together, 
by  these  being  considered  as  basal  Cambrian. 

With  regard  to  the  felsites  and  Twt  Hill  rock,  the  fact  of  the 
Llandeiniolen  conglomerate  containing  their  fragments  shows  that 
they  were  in  existence  at  the  time  of  its  formation,  and  must 
therefore  antedate  it,  but  by  how  long  an  interval  will  depend  on 
their  nature.  It  is  well  known  that  attempts  have  been  made  to 
prove  that  they  are  bedded ;  but  such  attempts,  as  in  the  case  of 
8t.  Davids,  have  been  entirely  unsuccessful.     It  was  Prof.  ^q\ivi^^ 
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wbo  first  made  the  attempt  in  the  case  of  Twt  Hill.  Admitting  that 
he  '*  saw  nothing  absolutely  irreooncUeable  with  an  igneoas  origin," 
his  doubts  were  set  at  rest  by  the  observation  of  a  conglomerate — 
the  Arenig  conglomerate^which  was  apparently  part  of  the  vmm. 
lliese  doubts  should  be  raised  again,  now  that  the  error  of  this 
observation  has  been  made  clear.  There  is,  in  fact,  no  sign  of  true 
bedding  anywhere  in  the  hill ;  there  are  only  segr^2;ation  bands  of 
more  felsitic-looking  rocks,  and  a  certain  amount  of  brecciation  in 
the  neighbourhood  of  the  fault  llie  impossibility  of  finding  any 
is  shown  by  the  fact,  that  while  Prof.  Bonney  states  that  the  Twt 
Hill  group  is  the  highest  of  the  metamorphic  series.  Prof.  Hughes 
places  it  at  the  base,  with  the  ''Crug  beds"  above.  It  can  only 
be  theory  indeed  which  prevents  any  one  from  recognizing  the 
former  as  granitic,  and  the  latter  as  granophyric,  and  both  there- 
fore of  igneous  origin.  The  same  is  the  case  with  the  Dinorwio 
felsites.  Though  called  ''beds'*  by  Prof.  Hughes,  they  are  as 
good  volcanic  rocks  (very  possibly  flows,  as  there  are  occasionally 
ashes  with  them)  as  any  of  more  modem  date,  as  has  been  well 
shown  by  Prof.  Bonney.  This  being  the  case,  they  need  not  be 
separated  by  any  long  interval  from  the  detrital  rocks  which 
contain  their  fragments.  It  may  be  said,  perhaps,  that  the  Twt 
Hill  rock,  being  granitic,  must  have  been  buried  deeply  when  formed, 
and  have  required  a  long  time  for  the  denuding  forces  to  reach  it. 
But  this  would  not  be  a  just  inference,  when  we  remember  that 
quite  as  granitic  a  rock  is  found  in  the  Ponza  Isles  in  association 
with  surface  volcanic  materials,  which  are  probably  exceptionally 
bad  conductors  of  heat. 

The  association  of  these  three  types  of  rock  in  one  small  area, 
granite,  quartz  felsite,  and  stratified  volcanic  materials,  calls  to  mind 
very  forcibly  the  similar  association  at  St.  Davids,  and  the  upper 
part  has  by  Professors  Bonney  and  Hughes  and  Dr.  Hicks  been 
referred  to  the  Pebidian.  The  actual  similarity  of  the  individual 
rocks  is  not  very  striking,  but  it  is  certainly  greater  than  tbe 
similarity  between  the  Pebidian  and  any  rocks  of  volcanic  origin 
in  Anglesey.  My  correlation  of  the  Pebidian  with  the  latter  instead 
of  with  these  depended  upon  the  general  stratigraphical  evidence 
that  the  Pebidians  could  not  be  Cambrian,  and  that  these  rocks 
partly  are.  In  this  I  was  probably  wrong ;  but  if  so,  then,  as  it  is 
impossible  to  create  a  separate  "system"  for  these  Carnarvonshire 
rocks,  jambod  in  as  they  are  between  higheV  Cambrian  and  Monian, 
both  they  and  the  Pebidian  will  have  to  be  brought  into  the  Cambrian 
as  basal  deposits. 

The  great  porphyry  rib  from  Moel  Tryfaen  to  Llyn  Padam  must 
now  he  considered.  Here  again  it  was  Prof.  Hughes  who  first 
suggested  in  1877  that  the  beds  passed  through  in  an  adit  on  Moel 
Tryfaen  might  be  Precambrian,  and  accordingly  the  locality  was 
examined  in  the  following  year  by  Dr.  Hicks,  who  cdopted  the 
suggestion.  It  should  be  noted  that  there  is  abundant  evidence  in  the 
cleavage  of  the  Penrhyn  slates,  which  extends  in  a  remarkable  manner 
into  the  felsites,  that  there  has  been  enormous  pressure  here  at  work. 
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iit  to  give  a  more  or  leas  schistose  character  to  the  most  solid  igneoas 
rock.  Yet  the  *'  evidence  "  on  which  Dr.  Hicks  "  feels  justified  in 
l>lacing  the  whole  of  the  so-called  altered  Camhrian  of  Moel  Tryfaeu 
and  the  neighbourhood  and  the  whole  of  the  rocks  .  .  .  coloured  as 
intrusive  fel stone  and  porphyry  ....  with  the  Precambrian  rocks," 
is  the  schistosity  of  certain  portions  of  a  mass  for  which  he  can  still 
find  no  other  general  name  than  **felstones  and  quartz  felsites,'* 
together  with  *•  ashy  **  rocks  of  the  same  type,  one  of  which,  accord- 
ing to  Prof.  Bonney,  is  a  Cambrian  conglomerate.  Tliis  evidence 
18  manifestly  insufficient.  More  convincing  is  Dr.  Hicks's  explana- 
ti(m  of  the  difficulties  which  seem  to  have  prevented  Prof.  Ramsay 
and  even  Prof.  Sedgwick  from  perceiving  that  the  conglomerates  of 
Llyn  Padam  and  elsewhere  are  derived  from  the  rocks  beneath  them. 
Tliat  the}'  are  so  will  probably  be  always  henceforth  acknowledged 
in  any  interpretation  of  the  district  But  as  to  the  nature  of  the 
porphyry  itself,  we  are  left  in  no  doubt  by  the  examination  of  Prof. 
Bonney,  whose  conclusion  is  irresistible  that  ''they  are  neither 
intrusive  nor  metamorphic  in  the  onlinary  sense  of  the  word,  but 
parts  of  ancient  lava-flows  which,  were  they  of  modem  date,  we 
sliould  probably  not  hesitate  to  call  rhyolites."  But  when  we  have 
learnt  this,  we  have  not  learnt  all.  Even  a  stream  of  lava  must  flow 
upon  something.  Can  we  discover  what  that  was  ?  If  it  were  true, 
according  to  Dr.  Hicks,  that  the  conglomerates  flank  it  on  both 
sules,  the  discovery  would  probably  be  hopeless.  But  Dr.  Hicks 
should  really  have  more  consideration  for  the  legs  of  his  brother 
geologists  than  to  write  down  such  a  statement  without  indicating 
where  it  may  be  verified.  It  has  given  me  many  a  mile's  weary 
tramp  up  and  down  the  hills  along  their  western  border  to  find 
any  such  conglomerate,  but  none  have  I  ever  found.  From  the 
general  slope  of  the  whole  series  we  should  on  the  contrary  expect  to 
find  the  bed  of  the  lava-stream  on  the  western  side ;  and  there,  as  I 
have  shown  at  Bryn-efail,  we  do  find  it,  and  see  the  lava  tearing  up 
and  altering  tlie  underlying  slate  and  grit  now  turned  on  end. 
Until  this  section  is  otherwise  explained,  we  must  admit  that  there  are 
Cambrian  beds  below  the  felsite,  and  the  conglomerate  cannot,  how- 
ever attractive  the  hypothesis,  be  the  base  of  the  series.  It  is 
nothing  wonderful  that  there  should  be  a  contemporaneous  felsite 
in  the  Cambrian  rocks;  indeed  the  felsite  of  Moel  Gronw  is  another, 
and  I  have  even  seen  one  lower  in  the  series  in  the  valley  near 
Glanrafon  south  of  Carnarvon. 

The  third  locality  includes  the  various  exposures  of  igneous 
rock  and  the  schistose  beds  on  the  west  of  the  Lleyn  Peninsula. 
With  regard  to  the  latter,  there  is  at  all  events,  and  always  has 
been,  this  common  opinion,  that  whatever  the  Anglesey  rocks  are, 
these  are  the  same.  But  with  regard  to  the  igneous  masses,  it  is 
Dr.  Hicks  alone  who  is  responsible  for  their  Precambrian  age.  I 
have  already  given  evidence  which  shows  that  they  cannot  possibly 
he  so;  to  rebut  wliich  Dr.  Hicks  falls  back  on  imaginary  "thrusts." 
I  say  "imaginary,"  because  no  evidence  has  ever  been  given  of 
their  existence,  and  in  one  case  at  least — that  of  the  H  in  vain  syenite 
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— ^Mr.  Harker  has  shown  that  on  the  eastern  aide  it  is  introsi^ 
in  the  Ordovician  slates ! 

The  net  result,  therefore,  at  present,  of  recent  work  in  N.W. 
Carnarvonshire,  is  this,  that,  with  the  exception  of  the  western  side 
of  the  Lleyn  Peninsula,  there  is  nothing  proved  to  be  Precambrian 
in  age. 

4.  Malvern. — Of  this  small  area  I  cannot  speak  with  so  niudi 
confidence,  having  never  examined  it  with  care.     There  can  now  be 
no  doubt  that  below  the  ordinary  Cambrians  there  are  here  two 
distinct  groups  of  rocks ;  one,  presumably  the  younger,  according 
to  the  account  of  Dr.  Callaway,  is  so  like  the  Caradoc  and  Wrekin 
masses  that,  in  the  lack  of  any  direct  evidence,  its  age  and  relations 
must  be  determined  by  theirs ;  and  the  other,  the  main  mass  of  schistose 
crystalline  rocks,  which,  since  their  description  by  Dr.  Holl,  are 
generally  admitted  to  be  of  Precambrian  age.     The  absence  from 
among  them  of  any  ordinary  unaltered  sediments,  and  their  intimate 
connection  with    igneous    masses  of   a   foliated   type,    renders  it 
probable  that  they  are  older  than  any  other  rocks  in  England  or 
Wales,  unless  it  be  the  equally  undetermined  Cornish  and  South 
Devonshire  schists. 

As  to  their  origin,  there  are  two  very  distinct  **  views "  before 
geologists.  On  the  one  hand,  Mr.  Rutley  regards  the  main  mass  as 
ordinary  sediments  metamorphosed  into  schists,  and  intruded  upon 
after  their  formation  by  igneous  masses.  On  the  other  hand,  Dr. 
Callaway  affirms  that  there  are  here  no  sediments  at  all,  but  that 
the  whole  was  originally  composed  of  massive  igneous  rocks  of  two 
distinct  types,  which  interpenetrated  each  other  in  veins.  These 
veins  were  then  drawn  out  by  shearing,  and  where  this  process  was 
carried  furthest,  the  whole  rock  recrystallized  and  produced  the 
ordinary  schists. 

Without  a  detailed  knowledge  of  the  district,  which  might  afford 
some  independent  criterion,  one  can  only  choose  between  these 
two  accounts  on  general  principles.  It  appears  we  may  divide 
the  rocks  into  three  categories ;  the  massive  crystalline  rocks, 
schistose  rocks  in  the  neighbourhood  of  these,  and  schists  with  no 
visible  connection  with  igneous  rocks.  About  the  first  of  these 
there  is  no  question.  That  shearing  and  resulting  schistosity 
and  mineral  change  may  be  demonstrated  in  some  cases  belonging 
to  the  second  category  seems  proved  by  Dr.  Callaway's  observations; 
but  that  the  schists  and  gneisses  away  from  all  obvious  igneous  masses 
are  reconstructed  out  of  the  disintegrated  materials  of  such  masses 
would  seem  to  require  more  proof  than  the  apparent  passage  of  such 
schists  into  those  of  the  second  category.  Moreover,  Mr.  Rutley 
describes  part  of  these  schists  as  quartzites  with  rounded  particles, 
and  others  as  containing  fragments  of  felspars — phenomena  which 
would  be  impossible  on  Dr.  Callaway's  explanation.  It  would 
appear  from  this,  that  no  single  explanation  will  cover  all  the 
foliated  rocks  of  the  Malvems — and  that  the  separation  of  those  oi 
one  origin  from  those  of  another  has  yet  to  be  worked  out 

6.  Shropshire. — According  to  the  mapping  of  the  Surveji  tni  ^ 
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'writings  of  Murchison,  there  was  nothing  Precambrian  in  this  oounty. 
The  whole  of  the  Longmynd  rocks  from  the  Slopes  of  Caradoc  to  the 
Stiper  stones  was  one  continuous  sequence  of  Cambrian  rocks,  of 
which  no  base  was  seen,  and  the  volcanic  rocks  of  Caradoc  and  the 
Wrekin  were  intrusive  greenstones  afifecting  both  Ordovician  and 
Cambrian  strata.  The  first  blow  to  the  correctness  of  this  interpre- 
tation came  from  Mr.  Allport,  who  showed  that  some  part  of  the 
"greenstones"  in  the  Wrekin  district  were  rhyolitic  lava-flows, 
and  another  part  in  the  Wrekin  range  itself  consisted  of  bedded 
volcanic  ashes.  This  was  followed  up  by  Dr.  Callaway,  who  proved 
that  beneath  the  Tremadoc  (Shineton)  shales  were  other  Cambrian 
rocks  lying  unconformably  on  and  therefore  younger  than  the 
Wrekin  rocks.  Thenceforth  it  was  clear  that  these  volcanic  rocks 
are  in  some  sense  Precambrian,  and  the  same  thing  was  proved  with 
regard  to  Caer  Caradoc. 

This  was  the  starting  point  for  a  search  after  further  Precambrian 
formations  in  the  district,  and  first  it  was  noted  by  Dr.  Callaway 
that  in  the  Ercal  there  is  a  mass  of  coarsely  crystalline  rock  of  acid 
type  and  without  foliation,  associated  with  the  volcanic  rocks  of  the 
Wrekin.  It  seems  to  have  been  more  or  less  assumed  that  this  was 
not  an  intrusive  rock ;  and  under  the  influence  of  the  theory  that 
ordinary  sediments  became  by  metamorphosis  massive  crystalline 
rocks,  it  was  considered,  from  some  peculiarities  in  its  structure,  to 
be  of  such  an  origin  and  of  earlier  date  than  its  surroundings.  At 
the  same  time,  some  small  patches  of  foliated  rock  were  found  at  the 
south  end  of  the  Wrekin,  on  Primrose  Hill,  and  these  were  referred 
to  the  same  period  as  the  Ercal  rock,  and  both  were  correlated  with 
the  rocks  of  the  Malvern.  It  may  here  be  noted  that  this  interpre- 
tation involves  the  assumption  that  in  the  same  massif  there  can  be 
ordinary  sediments  converted  into  massive  crystalline  rocks,  and 
massive  crystalline  rocks  converted  into  gneisses,  at  approximately 
the  same  epoch.  The  superior  antiquity  of  these  crystalline  rocks 
was  thought  to  be  proved,  however,  by  the  discovery  at  Charlton 
Hill  of  a  conglomerate,  appai-ently  forming  part  of  the  volcanic 
series — and  in  such  situations  as  to  be  obviously  older  than  the 
quartzite — which  contained  pebbles  of  similar  crystalline  rocks.  A 
third  group  of  micaceous  schists  was  also  indicated  near  Rushton, 
whose  relation  to  all  other  rocks  of  the  neighbourhood  was  obscure. 
The  Precambrian  age  of  all  these  was  evidenced  by  their  relations 
to  the  quartzite,  and  the  Longmynd  conglomerates  containing 
their  fragments.  A  little  later  a  series  of  isolated  patches  on  the 
'Western  border  of  the  Longmynd,  which  were  for  the  most  part 
coloured  as  intrusive  greenstone  on  the  Survey  map,  were  examined 
by  Dr.  Callaway  and  considered  to  be  Archeean,  partly  because  some 
of  them  were  like  the  old  Wrekin  rhyolites ;  partly  because  traces 
of  bedding  were  to  be  found  in  others ;  and  partly  because  a  con- 
glomerate in  the  Longmynd  series  in  one  place  dipped  away  from 
the  supposed  Archasan  mass,  and  contained  some  rhyolitic  pebbles. 
Ttie  same  evidence  was  thought  to  prove  a  synclinal  in  the  western 
J^art  of  the  Longmynd,  by  which  the  lower  beds  near  their  junctioa 
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with  the  Archeeans  were  brought  to-day,  though  with  the  aid  of 
a  fault. 

With  regard  to  the  relations  of  the  Longmynd  series  to  the  volcanic 
masses  on  the  eastern  side,  thejr  were  stated  to  be  separated  by  a 
fault,  so  that  no  conclusion  could  be  drawn  fn)m  observations  here. 
About  three  years  ago  Dr.  Callaway  began  to  think  that  the  Longmynd 
series  itself,  which  had  always  been  assumed  to  be  Cambrian,  but 
which,  as  a  matter  of  fact,  according  to  his  observations,  was  every- 
where separated  by  faults,  might  not,  perhaps,  belong  to  that  system. 
The  relation  of  the  Longmynd  rocks  on  the  west  of  the  volcanic 
group  to  the  quart zite  on  the  east  not  having  been  demonstrated, 
their  correlation  was  always  difficult;  but  even  if  the  Longmynd 
were  Cambrian,  it  seemed  most  probable  that  they  represented  an 
earlier  part  of  it  than  the  quartzite.  The  lower  down,  therefore, 
the  quartzite  is,  the  less  room  is  there  in  the  same  system  for  the 
Longmynd  rocks.  Recently,  according  to  the  statements  of  Prof. 
Lapworth,  the  quartzite,  or  rather  its  associate,  the  Comley  sand- 
stone, has  been  shown  to  contain  the  oldest  known  Cambrian  fauna, 
and  therefore  to  be  very  near,  if  not  at,  the  base.  This  would  leave 
no  room  in  the  Cambrian  for  the  Longmynd  series,  and  "  render 
their  Preoambrian  age  a  matter  of  fair  probability." 

According,  therefore,  to  these  observations  and  views,  there  may 
be  three  or  even  four  distinct  Precambrian  formations  in  Shropshire. 
The  highest  would  be  the  **  Longmyndian,"  isolated  from  all  others, 
but  containing  pebbles  of  the  next  series.  Then  the  volcanic  group 
or  **  Uriconian,"  isolated  from  the  Longmyndian,  and  giving  no  clear 
stratigraphical  indications  of  its  relations  to  the  next,  but  containing 
pebbles  of  it  in  its  conglomerates;  and  then  the  ** Malvemian," 
regarded  as  the  oldest  and  most  metamorphosed  of  all.  In  some 
undefined  position  with  relation  to  these  is  a  mass  of  schists  (which 
has  not  yet  been  called  the  "  Rushtonian  "  !) 

I  have  now  to  state  the  bearing  of  my  recent  researches  in  the 
district  on  these  conclusions.  From  what  I  had  seen  previously  of 
the  Longmynd  and  Wrekin,  and  what  I  had  learned  elsewhere,  I 
had  accepted  the  conclusion  that  the  **  Uriconian  "  rocks  were  older 
than  the  *•  Longmyndian,"  and  having  sugjrested  that  the  latter  were 
Upper  Monian,  the  former  became  Middle  Monian,  and,  as  I  then 
thought,  in  part  equivalent  to  Pebidian  ;  and  I  thought  to  find  evidence 
of  the  correctness  of  this  view,  which  differed  only,  if  at  all,  from 
that  of  Dr.  Callaway,  in  assigning  a  definite  age  to  the  Longmynd 
group.  But  facts  are  stronger  than  views.  In  studying  the  Long- 
mynd series  I  found  there  was  on  the  whole  great  regularity,  in  the 
lower  part ;  but  that,  on  reaching  the  conglomerates  and  grits,  great 
irregularity  was  displayed.  While  the  eastern  members  of  the  series 
marched  straight  across  hill  and  dale,  scoring  the  slopes  with  the 
edges  of  vertical  beds,  the  western  portion  commenced  with 
horizontal  boundary-lines,  and  displays  of  outliers  and  inliers ;  in  a 
word,  there  was  an  unconformity  between  the  grits  and  conglomerates 
on  the  west  and  the  underlying  slates  and  greywackes  on  the  east, 
the  latter  coming  in  contact  with  different  subdivisions  of  the  former^ 
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3ven  down  to  the  lowest.  Now  it  is  only  this  upper  series  that  has 
t>een  shown  by  Dr.  Callaway  to  contain  so  many  rhyolite  pebbles. 
This  alone,  then,  is  necessarily  younger  than  the  Uriconian.  At  the 
same  time,  the  title  *'  Longmyndian  "  ceases  to  be  applicable  to  the 
(vhole  ;  and  if  the  upper  part  be  Cambrian,  there  seems  no  reason  to 
disturb  the  existing  terminology,  which  makes  the  "  Longmynd 
^roup"  part  of  that  system.  But  the  Cambrian  age  of  even  this 
upper  part  requires  to  be  proved,  if  it  be  cut  off  by  a  fault  and 
bent  into  a  synclinal  on  the  west,  as  described  by  Dr.  Callaway. 
This  point  was,  therefore,  next  examined.  I  could  find  no  con- 
tinuous fault,  but  only  a  local  one  near  Lyds  Hole,  in  the  neighbour- 
hood of  which  is  the  only  reversed  dip  in  the  district ;  elsewhere  it 
is  steadily  towards  the  west,  and  everywhere  the  upper  grits  are 
suceeedeti  on  the  dip  by  pale  shales,  continuing  up  to  the  conformable 
Stiper  stones.  Thus  the  series  is  conformable  and  continuous  from 
the  Stiper  stones  downwards  to  the  lowest  grits,  and  hence  we  are 
thoroughly  justified  in  calling  the  latter  Cambrian.  I  had,  however, 
to  satisfy  myself  of  the  nature  of  the  small  exposures  of  rock  which 
had  been  referred  to  the  ArchsBan  by  Dr.  Callaway.  They  were  all 
examined  with  care,  and  evidence  obtained,  and  elsewhere  recorded, 
that  they  were  none  of  them  really  Archaean,  or  had  anything  to  do 
with  Precambrian  rocks. 

The  division  of  the  Longmynd  by  an  unconformity  into  an  upper 
or  "  Cambrian  "  series,  and  lower,  or  "  Upper  Monian  "  series,  has 
Another,  and  unexpected  result:  it  leaves  the  relative  ages  of  the 
Upper  Monian  and  Uriconian  undetermined,  and  this  had  next  to  be 
investigated.  If  the  two  were  really  separated  by  a  fault,  it  would 
be  hopeless ;  but  I  found  that  though  a  fault  does  run  in  the  valley 
between  Caer  Caradoc  and  Church  Stretton,  it  does  not  affect  the  re- 
lation sought  for,  and  the  two  groups  do  actually  come  side  by  side, 
Emd  there  is  a  fourfold  evidence  that  the  Uriconian  is  the  younger. 
1.  They  come  together  along  a  very  curved  and  crooked  line,  not  to 
be  accounted  for  by  faults.  2.  The  Monian  beds  are  here  very  fine 
slates,  and  not  in  any  way  derived  from  the  underlying  beds,  as  they 
should  be  if  younger.  3.  They  are  much  altered  near  the  line  of 
junction.  4.  Portions  of  them  are  caught  up  amongst  the  volcanic 
rocks.  Although  the  last  two  statements  are  the  best  interpretations 
of  phenomena  rather  than  indisputable  facts,  all  four  reasons  together 
can  leave  little  doubt  that  the  Uriconian  are  the  younger  rocks.  In 
saving  this  I  am  changing  former  '•  views "  on  account  of  actual 
evidence,  and  the  change  is  far-reaching.  The  notion  that  the 
Uriconian  corresponds  with  any  part  of  the  rocks  of  Anglesey 
(except  the  Beaumaris  rocks)  must  be  given  up,  and  they  must  be 
compared  with  the  rocks  of  Bangor,  as  has  been  done  by  Prof. 
Bonney.  Lying  as  they  are  thus  shown  to  do  between  Monian  and 
Cambrian,  their  classification  is  a  matter  of  "  view  "  only.  My  own 
Is  that  they  belong  to  the  interval  between  the  two  systems,  and  it 
is  a  matter  of  indifterence  with  which  they  are  bracketed.  The 
evidence  from  other  districts  is  conflicting,  even  if  we  are  justified 
in  assuming  the  correctness  of  our  correlations.  The  Pebidians  at 
St.  Davids,  like  the  Uriconian  (their  equivalent),  at©  s\iat^\'3  td^xV^^ 
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off  from  the  overlying  Cambrian ;  the  Bangor  beds  are  not  marked 
off  by  any  great  interval  But  on  both  these  points  there  are  differ- 
ences of  opinion.  Pending  therefore  further  evidence,  one  "  view  ** 
is  as  good  as  another.  My  own  at  present  tends  rather  to  give 
more  weight  to  the  Bangor  succession  than  to  the  St.  Davids,  and 
to  classify  the  TJriconians,  if  they  must  be  classified,  with  the  over- 
lying though  unconformable  Cambrians.  There  remain  the  gneisses 
and  massive  igneous  rocks  of  the  Wrekin  and  the  Rushton  schists. 
But  here  again  we  have  nothing  but  '*  view."  Both  are  oertainly 
older  than  the  Cambrian  quartzite,  but  are  they  older  than  the 
TJriconians  ?  As  to  the  Rushton  schista,  there  is  no  positive  evidence 
whatever.  They  are  most  like  some  rocks  in  Anglesey  of  any  I 
know,  and  I  therefore  think  they  are  older  even  than  the  Longmynd, 
a  fortiori  than  the  Uriconian.  In  the  Wrekin  itself  there  is  too 
much  faulting  at  the  junction  of  the  eurite  with  the  rhyolites  for 
any  positive  evidence  to  be  produced ;  but  I  think  the  former  is 
intrusive  in  the  latter,  because  of  its  mode  of  occurrence,  and 
because  other  small  patches  like  it  are  found  isolated  in  the 
rhyolites  like  intrusive  bosses.  At  Charlton  Hill,  Dr.  Callaway,  as 
before  noted,  has  found  conglomerates  which,  if  they  were  part  of 
the  Uriconian,  would  prove  these  to  be  the  younger  by  containing 
eurite  pebbles;  but  according  to  my  observations  these  conglo- 
merates are  merely  superficial,  and  probably  belong  to  the  lowest 
Cambrian,  so  that  evidence  fails  us.  As  to  the  gneiss  of  Primrose 
Hill,  it  is  such  a  tiny  patch,  and  is  associated  with  another  tiny 
patch  of  hornblende  schist,  that  it  seems  impossible  to  have  been 
formed  on  the  spot;  and  my  **view"  accordingly  is  that  these 
patches  are  masses  of  lower  rock  brought  up  in  the  eruption  of  the 
eurite.  All  I  feel  sure  of.  however,  is  that  the  contrary  8uppotf>ition 
is  no  more  than  a  "  view." 

6.  Devonshire  and  Cornwall. — In  this  area  we  have  mica  and 
hornblende  schists  which  are  considered  by  Prof.  Bonney  and  Gen. 
McMahon  to  be  Precambrian  stmtified  rocks.  By  Mr.  Teall  and 
others  they  are  thought  to  be  dynamically  metamorphosed  igneous 
rocks.  I  do  not  know  the  district  at  all,  though  I  hope  to  study  it 
shortly.  If,  however,  as  Prof.  Bonney  says,  some  of  the  ix)cks  bear 
a  striking  resemblance  to  the  chloritic  schists  of  Holyhead,  this 
would  be  a  justification  of  the  view  that  they  are  really  Lower 
Monian,  if  it  were  safe  to  judge  by  mineralogical  similarity  alone. 

Such  is  the  present  state  of  the  knowledge  acquired  on  Precam- 
brian rocks  in  England  and  Wales.  Probably  few  of  the  conclusions 
above  stated  are  universally  accepted,  which  is  not  perhaps  to  be 
wondered  at,  as  no  conclusions  could  possibly  be  stated  that  are. 

What  I  have  here  given  have  been  arrived  at  by  making  further 
observations  to  test  the  hypotheses  which  have  been  suggested  to 
otl)ers  by  a  smaller  number  of  facts.  Where  these  further  obser- 
vations have  led  to  different  conclusions,  the  latter  oan  only  be 
legitimately  overthrown,  by  proving  that  these  observations  are 
wrong,  or  by  making  still  further  ones  in  the  several  districts.  It 
will  be  only  a  waste  of  time  to  reiterate  old  statements  which  have 
been  thua  tested  and  found  wanting. 
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VI. — Fossil  Types  in  the  Bristol  Museum. 

By  E.  Wilson,  F.G.S.  ; 
Curator  of  the  Bristol  Museum. 

OF  <^ those  precious  specimens  called  'types*  which  must  be 
appealed  to  through  all  time  to  determine  the  species  to  which 
a  name  was  originally  given,"  *  Bristol  Museum  contains  one  hundred 
and  eighty  six  distinct  fossil  forms.  With  the  exception  of  a  single 
Coal-measure  plant,  these  are  all  the  remains  of  animals,  ranging 
in  the  zoological  scale  from  the  Reptilia  to  the  Actinozoa,  and 
stratigraphically  from  the  Silurian  to  the  Cretaceous  epochs. 

Many  of  these  types  possess  for  the  student  of  British  palseon- 
tology  a  very  high  interest,  not  only  on  account  of  the  remarkable 
nature  of  the  fossils  themselves,  but  also  from  the  fact  of  their 
having  been  described  by  some  of  the  most  distinguished  of 
palaeontologists.  Amongst  the  "  historic  types "  in  the  Bristol 
Museum  may  be  specially  noticed  the  following:  The  "types'* 
described  by  Louis  Agassiz  in  his  great  work  the  "Poissons 
Fossiles,'*  comprising  the  teeth  and  fin-spines  of  Selachian  fishes 
from  the  lower  beds  of  the  Carboniferous  Limestone  of  the  Avon 
Gorge  near  Bristol,  the  teeth  of  the  original  Ceratodi  from  the 
Khsetic  **  bone-bed  '*  of  Aust  Cliff  on  Severn,  and  some  interesting 
Jurassic  fishes  from  various  localities.  The  remarkable  and  indeed 
unique  British  series  of  reptilian  remains  derived  from  the  Upper 
Triassic  conglomerates  fringing  the  Durdham  Down  at  Redland, 
Bristol,  originally  described  by  Messrs.  Kiley  and  Stutchbury  in 
the  Transactions,  and  also  more  recently  by  Huxley  in  the  Quar- 
terly Journal  of  the  Geological  Society  of  London,  under  the  generic 
names  Thecodontosaurus  and  PalaosauruSf  but  in  regard  to  which  we 
have  yet  much  to  learn.  And  a  considerable  portion  of  the  MoUusca, 
etc.,  from  the  Upper  Greensand  of  Blackdown,  Devon,  described  by 
James  de  Carle  Sowerby  in  Dr.  Fitton's  Memoir  "  On  the  Strata 
between  the  Chalk  and  the  Oxford  Oolite  in  the  South-east  of 
England.*' 

Of  the  "  fossil  types  "  in  the  Bristol  Museum  which  have  been 
determined  in  more  recent  years  may  be  mentioned :  That  remark- 
ably rich  and  varied  series  of  the  teeth  of  Ceratodus,  350  in  number, 
collected  from  the  Rheetic  **  bone-bed  "  of  Aust  Cliff  by  the  inde- 
fatigable Biggins,  and  acquired  for  this  Museum  through  the 
liberality  of  a  number  of  friends  and  patrons  of  the  Institution 
in  the  year  1873 ;  the  Inferior  Oolite  Gasteropoda  from  Dundry 
and  Dorsetshire,  so  admirably  described  by  the  late  Mr.  E.  B. 
Tawney,  a  former  Curator  of  this  Museum,  in  the  Proceedings  of 
the  Bristol  Naturalists'  Society ;  a  series  of  Inferior  Oolite  Pelecypoda 
ably  described  by  the  Kev.  G.  F.  Whid borne ;  and  a  series  of  Upper 
Silurian  MoUusca  from  Khyniney,  near  Cardiff,  by  Professor  W.  J. 
Soilas,  in  the  Quarterly  Journal  of  the  Geological  Society. 

»  W.  H.  Flower,  LL.D.,  F.R.S.,  Presidential  Address  to  the  British  Association 
for  the  Adyancement  of  Science,  Newcastle,  1SS9. 
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In  Bristol  Museum  also  are  preserved  the  type- specimens  of  some 
of  the  Enaliosaurian  reptiles,  which  have  at  different  times  been 
described  by  Owen,  Stutchbury,  Sollas  and  Lydekker,  a  small 
number  of  the  molluscan  types  of  James  Sowerby,  Stutchbury, 
and  Hudleston,  and  a  few  Brachiopods  of  Davidson  and  Griuoida 
of  Austen. 

The  plan  adopted  in  this  Catalogue  will  be  as  follows :  the  types 
from  rocks  of  all  ages  will  be  arranged  under  their  zoological  classes 
in  alphabetical  order.  Actual  "  types  "  only  will  be  quoted  in  the 
first  list,  but  to  this  there  is  appended  a  list  of  described  and  figured 
specimens  in  this  Museum  which  are  not  original  types.*  The  names 
— generic  and  specific — originally  applied  will  in  all  cases  be  given 
in  the  leading  place,  the  intention  being  to  furnish  a  complete  record 
of  the  fossil  types  in  this  Museum  under  their  original  names. 
Wlien,  however,  owing  to  the  progress  of  pal  aeon  tological  know- 
ledge, the  name  either  of  the  genus  or  of  the  8{>ecie8  has  been 
changed,  or  when  the  advisability  of  retaining  the  original  or  a 
later  name  has  been  questioned,  such  later  names  will  also  be 
given,  the  name  here  adopted  coming  last.  No  new  revision  will 
be  attempted  in  this  list,  but  a  few  names,  generic  and  specific, 
which  are  now  for  the  first  time  queried,  will  be  placed  in  inverted 
commas,  and  certain  obvious  rectifications  will  be  made,  and 
doubtful  points  considered,  especially  in  relation  to  the  horizons 
and  localities  from  which  certain  of  these  type-specimens  have 
been  derived. 

The  individual  type-specimens  only,  which  are  at  the  present 
time  in  the  Bristol  Museum,  will  be  specified,  and  the  anatomical 
nature  of  these  will  be  indicated.  Thus  the  Catalogue  will  show 
exactly  which  of  the  original  type-specimens  are,  and  which  are  not 
now  in  this  Museum,*  and  also  of  wliat  these  consist.  The  original 
reference  to  every  type-species  will  be  given,  and  the  more  impor- 
tant of  the  later  references,  where  modifications  in  the  original 
nomenclature  have  been  proposed,  or  which  are  considered  of  special 
value  in  corroboration  of  same,  but  a  detailed  **  synonymy '*  is  not 
attempted.  In  regard  to  the  described  specimens,  as  a  general 
rule,  only  "  described  and  figured  specimens  "  will  be  noticed,  and 
references  will  be  given  only  to  the  works  where  such  specimens  are 
described,  A  list  of  the  principal  works  which  relate  to  the  fossil 
type  and  described  specimens  in  the  Bristol  Museum  is  appended. 

Eeptilta. 

Ichthyosaurus  Conyheari,  R.  Lydekker.  Geol.  Mao.  Dec.  III.  Vol.  V.  (1888).  p.  811* 
and  Cat.  Fobs.  Kept.  B.M.  (1889),  p.  63  [skeleton].     L.  Lia«,  loc.  doubUul 

Note. — In  the  British  Museum  Catalogue  (op.  ciL)  the  original 
specimen,  on  a  cast  of  which  this  type  was  founded,  is  stated  to  have 

*  In  the  Bristol  Museum,  the  type-specimens  are  indicated  by  a  little  dito  of  JI^^'J 
paper  marked  Typ.,  and  describea  specimens  other  than  types  by  a  aiiiiilar  oiso  d 
green  paper  marked  Des.  ^  ^  __     I 

^  It  is  unfortunately  the  fact  that  certain  type-specimens  have  diM^peusd  tal    j 
the  Bristol  Museum.  '" 
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oome  from  ''  Saltford,  near  Bath,"  but  in  an  old  Brietol  Museum 
Catalogue  it  is  given  as  from  ''  Banwell,  Somerset." 

JchthyoMurus  latimanu*.  R.  Onren.  Rep.  Brit.  Assoc,  for  1839  (1840),  p.  128  [P  two 
skeletons].     L.  Lias,  Banwell.  Somerset 

Note. — Aooording  to  Lydekker,  loc,  ctt,  this  type  of  Owen's  was 
founded  upon  two  specimens  in  the  Bristol  Museum,  one  of  which 
is  an  example  of  Ich.  communi$,  Conybeare,  whilst  the  other  is  the 
type  of  Ich,  Conyheari,  Lydekker,  vide  $upra. 

Ichthyosaurus  P  tkyreotpondyJux,  R.  Owen,  Rep.  Brit.  Assoc,  for  1839  (1840),  p.  124; 
J.  Phillips.  Geol.  of  lixford,  p  307 ;  P  Ich.  thyreogpondylut.  Phillips  (ex  Owen) ; 
R.  Lydekker,  Cat.  Fobs.  Rept  B.M.  pt.  ii.  p.  84  [17  detached  Tertebrae]. 
Form,  and  loo.  doubtfal. 

Note. — In  an  old  Bristol  Museum  Catalogue  these  vertebrss  are 
stated  to  have  come  from  the  **  Lower  Lias  of  Lyme  Regis/'  but 
Phillips,  loc.  eit.t  suggests  that  the  type- specimens  were  derived  from 
the  "  Kimmeridge  Clay  of  Weymouth,"  where  this  form  is  not  un- 
common. This  latter  view  seems  probable,  and  it  may  be  mentioned 
that  there  is  an  entire  absence  of  the  usual  chaiuoteristio  Liassic 
matrix  adhering  to  these  vertebrae. 

J*alaosauru$  cylindrodon,  H.  Riley  and  S.  Statchbnry.  Trans.  Geol.  Soc.  ser.  ii.  vol.  v. 

p.  352,  pi.  xxix.  f.  4;  R.  Owen,  Paleontology,  2nd  ed.  p.  276  {P,  cylvidrieum, 

Proc.  Geol.  Soo.  vol.  ii.  p.  397);   T.  H.  Haxley,  Q.J.G.S.  vol.  xxvi.  p.  48, 

pt.  iii.  f.  3  [frafj^mentary  tooth].  U.  Trias  (dolomitic  oonglom.).  Redland.  Bristol. 
FaliBotaurun  platyodon^  H.  Riley  and  8.  Stutchbury,  Trans.  Geol.  Soc.  ser.  ii.  vol.  v. 

p.  352,  pi.  xxix.  f.  5,  and  Proc.  Geol.  Soc.  vol.  ii.  p.  397;    ThecodontoaauruSt 

T.  H.  Huxley,  Q.  J.  G.  S.  vol.  xxvi.  p.  43,  pi.  iii.  fs.  1.  2.  5-8;    R.  Lydekker, 

Cat.  Foss.  Rept.  B.M.  pt.  i.  p.  174,  f.  20  [tooth].    U.  Trias  (dolom.  conglom.), 

Redland.  Bristol. 
PUsiosauru*  brachycephalus,  R.  Owen,  Rep.  Brit.  Assoc,  for  1839  (1840),  p.  69 ;  svn. 

(adult  form)  of  PL  maerocephaius,  Owen  (ex  Conybeare).  R.  Lydekker,  Cat 

Foss.  Rept.  B.M.  pt.  ii.  p.  266  [skeleton].     L.  Lias.  Bitton,  Gloucestershire. 
Plesiosaurus  ConybearU  W.  J.  SoUas,  Q.  J.  Geol.  Soo.  vol.  xxxvii.  p.  440,  pi.  xxiii.  and 

pi.    xxiv.    [skeleton,   with  casts  of   dorsal   vertebrs  and  skull].      L.   Lias, 

Charmouth. 
Plesiosaurus  costatun,  R.  Owen.  Rep.  Brit.  Assoc,  for  1839(1840),  p.  80 ;  R.  Lydekker, 

Cat  Foss.  Rept.  B.M.  pt  ii.  p.  282  [anterior  cervical  vertebne].     r  Rhsetic 

(bone  bed),  Aust  Cliff. 
Plesiosaurus  meyacephalus,  S.  Stutchbury,  Q.  J.  Geol.  Soc,  vol.  ii.  p.  411.  pi.  xviii. ; 

W.  J.  Soilas.  Q.J.G.S.  vol.  xxxvii.  p.  472:    Thaumatosaurus,  R.  Lydekker, 

Cat.  Foss.  Rept  B.M.  pt  ii.  p.  166  [skeleton].     L.  Lias,  Street,  Somerset. 
Plesiosaurus  rugosus^  R.  Owen,  Rep.  Brit  Assoc,  for  1839(1840),  p.  82;  Erdmosaurus, 

K.  Lydekker,  Cat   Foss.  Rept.  B.M.  pt.  ii.  p.  249  [vertebrae].    RhsBtic  or 

P"L.  Lias."  Aust  Chff. 
Plesiosaurus  subtrigonus^  R.  Owen,  Rep.  Brit  Assoc,  for  1839  (1840),  p.  77  [vertebrsd]. 

L.  Lias,  Weston,  near  Bath. 
Thecodontosaurus  antiquus,  J.  Morris,  Cat.  Brit  Foss.  Ist  ed.  p.  211.  2nd  ed.  p.  354; 

R.  Owen,  Palseontolo^y,  2nd  ed.  p.  275 ;  R.  Lydekker,  Cat  Foss.  Rept.  B.M. 

pt.  i.  p.  175;  Thecodontosaurus,  sp.,  H.  Riley  and  S.  Stutchbury,  Trans.  Geol. 

Soc.  ser.  ii.  vol.  v.  p.  349,  pi.  xxix.  fs.  1-3 ;  T.  H.  Huxley,  Q  J.CJ.S.  vol.  xxvi. 

p.  43,  pi.  iii.  fs.  I,  2  [left  ramus  of  mandible  with  teeth].     U.  Trias  (dolom. 

conglom.),  Redland,  Bristol. 

Note.  — The  types  of  the  genera  Thecodontosaurus  and  Paloeosaurua 
in  this  Museum  were  founded  on  teeth,  but  associated  with  these  teeth 
are  numerous  bones — vertebrae,  ribs,  pelvic,  and  limb-bones — many 
of  which  were  described  and  figured  by  Riley  and  Stutchbury,  and 
a  few  by  Huxley.  In  two  cases  in  the  Bristol  Museum,  with 
many  other  undescribed  bones,  most  if  not  all  of  these  will  be 
found;  I  have  identified  tbe  foUowing;  Riley  and  Stutch.,  oy.  cit^ 
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pi.  xxix.  f8.  1,  4,  6,  6,  7,  8,  9,  10,  11 ;   pi.  xxx.  fs.  1,  2,  3,  o,  6,  8, 9, 
10,  11 ;  Huxley,  op.  cit,  pi.  iii.  fs.  1,  2,  3,  5,  6. 

Pisoxs. 

Aerodus  Uiopleurus,  L.  Agnatat,  Poiss.  Fobs.  vol.  iii.  p.  145.  pi.  zxii.  f.  5 ;  A.  S.Wood- 
ward. Geol.  Mao.  Dec.  III.  Vol.  IV.  (1887),  p.  102.  and  Cat  Fobs.  Fish.  RM. 
pt  i.  p.  295  [tooth].     P  Forest  marble,  ?  loc.  P  Gloaoesterthire. 

Aerodus  minimus,  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  145.  pi.  zxii.  fa  6,  10 ;  A  8. 
Woodward.  Cat  Foss.  Fish.  B.M.  pt.  i.  p.  282  [teeth].  Rh»tio  (bons  bed), 
Aust  Cliff. 

Aerodus  nobilis,  L.  Agassis,  Poiss.  Foss.  toI.  iii.  pp.  140, 144,  pi.  zxi. ;  A.  8.  Wood- 
ward, Cat  Foss.  Fish.  fi.M.  pt  i.  p.  283  [incomplete  dentition].  L.  Liai, 
Lyme  Regis. 

P  Atitraeanthus  '*  Stutehburyi,"  L.  Agassis.  Poiss.  Foss.  vol.  iii.  p.  177  (name  onlj). 
SjTD.  of  Art.  verrucosus,  P.  M.  G.  Egerton.  Ann.  Mag.  Nat.  Hist  2od  ter. 
vol.  ziii.  (1854),  p.  433 ;  Brit.  Org.  Bem.  Mem.  Geol.  Sarv.  dec.  viiu  pi  ii. 
[dorsal  spine] .    Form,  and  loo.  imknown. 

Note. — For  want  of  any  figure  or  description  in  the  "  Poissons 
Fossiles,"  it  is  not  certain,  although  it  appears  highly  probable,  that 
the  above  was  Agassiz's  MS.  type.  Mr.  A.  S.  Woodward  considers 
this  specimen  as  probably  synonymous  with  ^a^  verrtfco«ti«,  Egerton, 
which  in  the  above-mentioned  event  must  therefore  replace  Agassiz^s 
name.  The  specimen  in  the  Bristol  Museum  is  labelled  "Charmouth,*' 
and  is  stated  in  an  old  catalogue  to  have  come  from  the  ''  Lias  "  of  that 
place.  The  slab  of  stone  on  which  this  spine  rests  is  a  very  dense 
grey  shelly  limestone ;  certainly  not  Liassic.  Tawney  considered  it 
to  be  Purbeck,  and  in  connexion  with  this  it  may  be  observed  that 
A$t,  verrucosus  is  a  Purbeck  type,  and  according  to  Sir  Philip 
Egerton  is  not  uncommon  in  the  Purbeck  of  Swanage  and  the 
neighbourhood. 

Ceratodus  alius,  L.  Agassis.  Poiss.  Foss.  vol.  iii.  p.  130,  pi.  xx.  fs.  2-5 :  C  polymorphous 

L.  C.  Miall.  Siren,  and  Crossopt.  Ganoids,  p.  28 ;  syn.  of  C.  latissimus,  Agass. 

(op.  cit.  vol.  iii.  p.  131),  A.   S.  Woodward  and  C.  D.  Sherbom,  Brit  Fosa 

Vert.  p.  26  [tooth].     Rbeetic  (bone  bed).  Aast  Cliff. 
Ceratodus  curvus,  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  131,  pi.  zx.  f.  10:  C.  polymor- 

phus,  L.  C.  Miall,  Siren,  and  Crossopt  Ganoids,  p.  28;  syn.  of  C  latissimus^ 

Agass.,  A.  8.  Woodward  and  C.  D,  Sherborn,  Brit  Foss.  Vert.  p.  26  [tooth]. 

fibfetic  (bone  bed),  Aast  Cliff. 
Ceratodus  emarffinatus.  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  133.  pi.  xx.  f.  11 ;  C.  poly- 

morphus,  L.  C.  Miall,  Siren,  and  Crossopt  Ganoids,  p.  28 ;  sjn.  of  C.  latissimus, 

Agass.,  A.  S.  Woodward  and  C.  D.  Sherborn,  Brit  Foss.  vert  p.  27  [tooth], 

Rheetio  (bone  bed),  Aast  Cliff. 
Ceratodus  latissimus^  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  131.  pi.  xx.  fs.  8.  9 ;  C.  pelf- 

morphuSy  L.   C.  Miall,  Siren,  and  Crossopt.  Ganoids,  p.  28:    C.  loHsstmus, 

Agass.,  A.  8.  Woodward  and  C.  D.  Sherbom,  Brit.   Foss.  Vert  p.  26  [two 

teeth].     RbsBtic  (bone  bed),  Aast  Cliff. 
Ceratodus  parvus,  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  132.  pi.  xx.  f.  1 ;  L.  C.  Miall. 

Siren,  and  Crossopt  Ganoids,  p.  29,  pi.  v.  fs.  4.  P8,  P9,  10;  A.  S.  Woodward 

and  C.   D.  Sherbom,  Brit,  Foss.   Vert.  p.  27  [tooth].    Rhsotio  (bone  bed), 

Aust  Cliff. 
Ceratodus  planus,  L.  Agassis,  Poiss.   Foss.  vol.  iii.  p.  132,  pi.  zx.  fs.  6,  7;  C.  poly 

morphus,  L.  C.  Miall,  Siren,  and  Crossopt  Ganoids,  p.  28 ;  svn.  of  C.  latissimus^ 

Agass.,  A.  S,  Woodward  and  C.  D.  Sherborn,  Brit.  Foss.  Vert  p.  27  [tooth]. 

Rhsstic  (bone  bed),  Aast  Cliff. 
Ceratodus  polymorphus,  L.  C.  Miall,  Siren,   and  Crossopt.  Ganoids,  p.   28,  pi.  ii. 

fs.  1-13;   pi.  iii.  fs.  1  a,  b,  c,  2.  5  a,  6,  e  pi.  iv.  fs.  1-11,  pi.  v.  £l  1  o*  6;  wju, 

of  C.  latissimus,  Agass.,  A.  S.  Woodward  and  C.  D.  Sherbom,  Brit.  Fon.  Veil 

p.  27  [nameroas  teeth].     Rheetic  (bone  bed).  Aast  Cliff. 
Chalazacanthus  verrucosus^  J.  W.  Davis,  Scient.  Trans.  Roy.  Dablin  Soou  roL  i.  nr.S* 

p.  371,  pi.  xlviii.  f.  13  [fin  spine].    Carb.  Limest  (black  rook).  4vM  QttMl. 

Clitton,  near  Bristol.  ■  *    ,i         -• 
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ChomatoduM  {PtamiHodut)  ewchUt  L.  Agassis,  Poiss.  Foss.  toI.  iii.  p.  107,  pi.  zv.  fs. 

18,  15.  16,  17.     Unddtermined  anterior  teeth  of  Cochliodont  Sharks,  A.  S. 

Woodward,  Gat  Foss.  Fish.  B.  M.  pt  i.  p.  218  [teeth].  Garb.  Limest.  (black 

rock),  ATon  Gorge,  Glifton. 
Ck^matodua  (P$ammodui)  linearity  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  108,  pi.  xii.  h. 

5.  7 — 13.     PHalodut  {Chomaiodui)  iineartM,  Agass.,  A.  8.  Woodward,  Gat 

Foss.  Fish.  B.  M.  pt  i.  p.  46,  as  to  specimens,  fs.  P  5,  9, 10,  P  11  ^supra^ ; 

Helodus  expansus,  J.  W.  Davis,  Soient.  Trans.  Roy.  Dnblin,  Soo.  toI.  i.  ser.  li. 

p.  457.  as  to  specimens,  fs.  7«  8.  12, 13  {supra),  [teeth].    Garb.  Limeet  (blade 

rock),  and  L.  Limest  Shales  (bone  bed),  Avon  Gorge,  Glifton. 

Note. — The  specimens  fs.  9  and  10  supra  are  from  the  L.  L. 
Shales,  fs.  7,  8,  12,  13,  from  the  Carb.  Limest. 

Cladodui  MiUeri,  L.  Agassis,  Poiss.  Foss.  vol.  iii*  p.  199,  pi.  uaSh.  f.  22;  syn.  of 
Cladodua  mirabilis,  Agass.,  A.  S.  Woodward,  Gat.  Foss.  Fish.  B.  M.  pt.  i.  p. 
16  [tooth].    Garb.  Limest.  (black  rock),  Avon  Gorge,  Gliflon. 

Coehluxfus  (Piammodus)  eontortvs,  L.  Agassis.  Poiss.  Foss.  vol.  iii.  p.  115,  pL  ziv.  f. 
22,  and  fs.  24,  27.  33 ;  (pars)  syn.  of  Tomodus  eonttexun^  Agass.  MS.,  J.  W. 
Davis,  Scient  Trans.  Koy.  Dublin  Soo.  vol.  i.  ser.  ii.  p.  446,  as  to  f.  24  (ntpm), 
A.  S.  Woodward,  Gat  Foss.  Fish.  B.M.  pt  i.  p.  191;  (pars)  syn.  of  Delto^ 
pti/ehhu  gibberulus,  Agass.  MS.  J.  W.  Davis,  op.  oit  p.  435,  as  to  f.  83 
(nipra) ;  A.  S.  Woodward,  op.  cit  p.  214;  (pars)  syn.  of  Psephodu8»  sp.  as  to 
f.  22  (supra)  [teeth].  Millstone  Grit  Honeypen  Quarry,  Brandon  Hill, 
Bristol.     Garb.  Limest  Avon  Gorge,  Gliiton. 

Note. — Specimen  f.  22  is  from  the  Millstone  Grit,  the  remainder 
from  the  Carb.  Limest 

Ctenacanthus  hrevis,  L.  Agassis.  Poiss.  Foss.  vol.  iii.  p.  11,  pi.  ii.  f.  2;  J.  W.  Davis, 
Scient.  Trans.  Roy.  Dublin  See.  vol.  i.  ser.  ii.  p.  337  [dorsal  spine].  Garb. 
Limest.  (black  rock),  Avon  Gorge.  Clifton. 

Ctenacanthus  tnajor^h.  Agassis,  Poina.  Foss.  vol.  iii.  p.  10.  pi.  iv.  fs.  1,  2;  J.  W. 
Davis,  Scient.  Trans.  Roy.  Dublin  Soc.  vol.  i.  ser.  ii.  p.  334  [dorsal  spine]. 
Carb.  Limest  (black  rock),  Avon  Gorge,  Clifton. 

Cyclarthrus  macropttrus,  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  382,  pi.  zliv.  f.  1 ;  TeetO' 
spondyli  xnctrttt  sedis,  A.  S.  Woodward.  Cat  Foss.  Fish.  B.M.  pt  i.  p.  156 
(nragments  of  pectoral  finj.     L.  Lias,  Lyme  Regis. 

Gyronc/ius  oblongus,  L.  Agassis,  Poiss.  Foss.  vol.  ii.  pt  ii.  p.  202.  pi.  Iziza.  fs.  10, 11 ; 
Mesodon,  K.  A.  von  Zittel,  Handb.  Paleeont  vol.  iii.  (1889),  p.  247;  A.  S. 
Woodward  and  G.  D.  Sherbom,  Brit.  Foss.  Vert  p.  120  [vomer].  Stones- 
field  Slate,  Stonesfield. 

Note. — In  Morris's  Cat.  British  Fossils,  2nd  ed.  p.  344,  we  find 
the  following  : — "  Scaphodus,  Agassiz,  1845  ?  Gyronchus,  Agassiz  ; 
heteromorphus,  Ag.,  Bristol  Museum,  Gr.  0.  Stonesfield."  The  type 
specimen  of  Gyronchus  oblongus,  Agass.,  in  the  Bristol  Museum 
was  formerly  labelled  Scaphodus  heteromorphus ,  Ag.,  and  this  was 
evidently  the  origin  of  the  above.  In  the  **  Poisson^  Fossiles "  I 
find  no  reference  to  any  such  form  as  Scaphodus  heteromorphus^  and 
know  nothing  of  any  such  name,  nor  any  authority  for  considering 
it  synonymous  with  Gyronchus  oblongus,  Agass. 

Helodus  {Psammodus)  gibherulus^  L.  Agassiz,  Poiss.  Foss.  vol.  iii.  p.  106,  pi.  xii.  f.  1 ; 

A.  S.  Woodward  and  C  D.  Sherborn,  Brit.  Foss.  Vert.  p.  93 ;  undetermined 

anterior  teeth  of  Gochliodontidfe.  A.  S.  Woodward,  Cat.  Foss.  Fish.  B.M.  pt 

i.  p.  219  [teeth].     Carb.  Limest.  Avon  Gorge,  Clijpton. 
Helodus  t  Psammodus)  Icevissimus,  L.    Agassiz,  Poiss.    Foss.  vol.  iii.  p.  104,  pi.  ziv. 

fs.  8.  11,  13,  14,  15;  A.  S.  Woodward,  Cat  Foss.  Fish.  B.M.  pt  i.  p.  181. 

Psephodus  as  to  fs.  8,  11,  13,  14,  P  Tomodus  as  to  f .  15  [teeth].     L.  Limest 

Shales  (bone  bed),  Avon  Gorge,  Clifton. 
Helodus  ( Psammodus)  subteres,  L.  Agassiz,  Poiss.  Foss.  vol.  iii.  p.  105.  pi.  xii.  f.  4 ; 

Orodus^J.  W.  Davis,  Scient.  Trans.  Roy.  Dublin  Soc.  vol.  i.  ser.  ii.  p.  399, 

pi.  i.  f.  15;  Bjn.  of  Orodus  ramosus,  Agass.,  "a  much  abraded  tooth,"  A.  S. 

Woodwftrd,  Cat  Foss.  Fish.  B.M.  pt  i.  p.  231  [tooth].    Carb.  Limest.  (black 

rook).  Avon  Gorge,  Cliftoo. 
BMtus  irmmmwJMa)  tankhui,  L»  Agassis.  Poisn.   Foss.  vol.   iii.  p.  106,  pi.  zv. 
•ft.  »*11|  ^  iLvMfk.ifapi.il.— a  U.  D.  Sherborn,  Brit  Foss.  Vert.  p«  li5  \ 
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nndetennined  anterior  teeth  of  Coekliodomtidm,  A.  8.  Woodward,  Oii  FoM 
Fisb,  fi.M.  pt.  i.  p.  218  [teeth].    Garb.  LimeeL  (black  rock),  Aron  Goik». 
Clifton. 
HyhoduM  apiealix^  L.  Agassis,  Poiss.  Foss.  toI.  iii.  p>  48,  pi.  z.  f.  28;  non  Bybodn 

Sncali»,  AfFass.  op.  oit.  vol.  iii.  p.  195,  pi.  zsiii.  fs.  16-20 ;  A.  8.  Woodvsid, 
at  Foss.  Fish.  B.M.  pt.  i.  p.  801  [dorsal  spine].  Stonesiield  SUte.  Stonesfield. 
Hybodui  curtu$,  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  49  (described  bot  not  figared), 
(pars) ;  syn.  of  Aerodwi  AnningnB^  Agass.,  K.  C.  U.  Day,  Geol.  If  ao.  Vol.  I. 
(1864).  p.  57 ;  A.  8.  Woodward,  Cat.  Fosa.  fi.ll.  pt  i.  p.  280  [dorsal  spiw]. 
L.  Lias,  Keynsbam,  Gloacestersbire. 
HyboduM  Itptodun,  u  Agassis.  Poiss.  Foss.  vol.  iii.  p.  44,  pi.  x.  fs.  2,  8  [imperftet 
dorsal  spine].     Form,  and  loc.  unknown. 

Note. — This  specimen  is  placed  amougst  the  Lower  Lias  fishes. 

Hyhodui  minor,  L.  i^gassis,  Poiss.  Foss.  vol.  iii.  p.  48,  pi.  viii^.  fs.  2.  8 ;  i7.  PsitMr, 

Agass.,  A.  8.  Woodward  and  C.  D.  Sberborn,  Brit.  Foss.  Vert  p.  108  [donal 

spine].     Rhsetic,  Pyrton  Passage.  Gloucestershire. 
HyboduB  raricostatus,  L.  Agassis.  Poiss.  Foss.  vol.  iii.   p.  187,  pi.  zziv.  f.  84;  i.  8. 

Woodward.  Cat   Foes.  Fish.  fi.M.  pt  i.  p.  257  [tooth].     Form.  (Lisa  or 

Bhretic)  and  loc.  unknown. 
Hyhodua  reticulatus,  L.  Agassis.  Poiss.  Foes.  vol.  iii.  p.  50.  pi.  iz.  f.  5  (pars) ;  A.  S. 

Woodward.  Cat   Foss.  Fish.  B.M.  pt  i.  p.  206  [dorsal  spinel.     L.  Liu. 

Keynsham,  Gloucestershire. 
LegmmotuM  Cothamensis,  P.  M.  G.  Egerton,  Brit.  Org.  Rem.,  Mem.  G^l.  Sarv.  dee. 

viii.  pi.  vii.  h.  9,  10.  pi.  vii.  f.  11  [imperfect  head  and  posterior  portion  of 

trunk  with  dorsal  and  caudal  fins].      Kbsetio  (Cotham  marble),  Aiut  CU^ 

Gloucestershire. 
Myriacanthus  paradoxus,  L.  i^gassiz,  Poiss.  Foss.  vol.  iii.  p.  88,  pi.  vi.  f.  6  [dornl 

spine].     L.  Lisa,  Lyme  Kegis. 
Nemacanthus  Jilifer,  L.  Agassis.  Poiss.  Foes.  vol.  iii.  p.  26,  pi.  vii.  f.  9;  m.cilf' 

moniltfer,  Agass.,  J.  W.  Davis.  Q.J.G.S.  vol.  zxxvii.  p.  418 ;  A.  8.  Woodward 

and  C.  D.  Sherborn,  firit.  Foss.  Vert.  p.  126  [dorsal  spine].    Khstio  (bone 

bed).  Au8t  Cliff. 
Nemacanthus  nwnihftr,  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  26,  pi.  vii.  fs.  10,  11  [tvo 

dorsal  spines].     Rhsetic.  Aust  Cliff. 
Onchus  hamatvs,  L.  Agsssiz,  Poiss.  Foss.  vol.  iii.  p.  9,  pi.  i.  f.  7 ;  Physonemus,  J.  ^• 

Davis,  8cieut.  Trans.  Roy.  Dublin  Soc.  vol.  i.  ser.  ii.  p.  870;  A.  8.  Woodwtrd 

and   C.  D.  Sherborn,  Bnt  Foss.  Vert.  p.  149  [polished  section  of  fin  spine]. 

Carb.  Limest  (black  rock),  Avon  Gorge,  Clifton. 
Oracanthus  MilUri,  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  18.  pi.  iii.  fs.  1,  2  [doml 

spine  and  natural  cast  of  same].    Carb.  Limest  (black  rock),  Avon  GorgCi 

Cliilon. 
Oracanthus  minor,  L.  Agassis.  Poiss.  Foss.  vol.  iii.  p.  16,  pi.  iii.  f.  5 ;  syn.  of  0.  MiUerit 

Agass.  J.  W.  Davis,  8cient.  Trans.  Roy.  Dublin  Soc.  vol.  i.  ser.  ii.  p.  528;  A. 

8.  Woodward  and  C.   D.    Sberborn.  firit  Foss.  Vert.  p.  132   [fragment  of 

dorsal  spine].    Carb.  Limest.,  Avon  Gorge,  Clifton. 

Note. — Mr.  Davis,  loc.  cit.,  erroneously  states  the  type-specimen 
of  Oracnnthtis  minor,  Agass.,  to  be  in  the  **  Jones  Collection  "  of  the 
Geological  Society  at  Burlington  House. 

Oracanthus  pustulosus,  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  9,  pi.  i.  f.  7  [dorsal  spine]. 

Carb.  Limest.  (black  rock),  Avon  Gorge.  Clifton. 
Orodus  cinctus,  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  96.  pi.  zi.  fs.  1,  4;  A.  S.  Wood- 
ward, Cat  Foss.  Fish.  fi.M.  pt.  i.  p.  230  [teeth].     L.  Limest  Shales  (bone 

bed),  Avon  Gorge,  Cliflon. 
Orodus  ramosits,  L.  Agassis,  Poiss.  Fobs.  vol.  iii.  p.  97,  pi.  xi.  fs.  5,  8,  9 ;    A.  S. 

Woodward.  Cat.  Foss.  Fish.  fi.M.  pt.  i.  p.  231  [teeth].    Carb.  Limest,  Area 

Gorge,  Clifton. 
Orodus  sculptus,  J.  W.  Davis,  Scient.  Trans.  Roy.  Dublin  Soc.  vol.  i.  ser.  ii.  p.  896, 

pi.  Ii.  f.  8;  A.  S.  Woodward,  Cat  Foss.  Fish,  pt  i.  p.  238  [tooth].     Carb. 

Limest.  (black  rock),  Avon  Gorge,  Cliflon. 
Fholidophorus  Higginsi,  P.  M,  G.  Egerton  (ex   Stutchbury.  MS.  Ann.  Mag.  Ntt. 

Hist  ser.  ii.  vol.  xiii.  (1854),  p.  435),  Brit  Org.  Rem.,  Mem.  Geol.  Surv.  dec. 

viii.  pi.  vii.  f.  6  [part  of  trunk].     Rheetio  (Cotham  marble),  Aust  Cliff. 
Fsammodus  porosun.  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  112,  pi.  xiii.  fii.  1,  3,  5,  8,9, 

12,  14,  15,  18 ;  syn.  of  Fs.  rugosus,  Agass.,  J.  W.  Daf is,  8oient  IVana.  Roy. 
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Dablin  Soc.  toI.  i.  ler.  ii.  p.  469;  A.  8.  Woodward,  Cat  Foas.  Fish.  B.M. 

pt  L  p.  100  [abraded  teeth].    Garb.  Linieft  (black  rode),  Avon  Gorge,  Clifton. 
JPtammodw  rugostu,  L.  Aganii,  Poias.  Foes.  toI.  iii.  p.  Ill,  pi.  xii.  f.  14;   A.  S. 

Woodward,  Cat.  Foss.  Fish.  B.M.  pi.  i.  p.  100  [teeth].     Carb.  Limeit.  (black 

rock),  Avon  Gorge,  Cliflon. 
J^jfcmodus  ovalis,  L.  Agassis,  Poise.  Foss.  toI.  ii.  pi.  iL  p.  195.  pi.  Izxii.  f.  5;  syn.  of 

Mesodon  (Pifcnodus)  Bueklandi,  Agass.,  op.  cit  p.   192;  A.   8.  Woodward, 

Gbol.  Mao.  Dea  III.  Vol  VI.  (18d9),  p.  454  [vomer].    Stonesfield  SUte, 

Stonesfield. 
Samdalodus  MorrisU,  J.  W.  Davis,  8oient  Trans.  Boy.  Dublin  Soc  vol.  i.  ser.  ii. 

J>.  437,  pi.  liv.  fs.  I,  2;  A.  8.  Woodward,  Cat  Foss.  Fish.  B.M.  pi.  i.  p.  185 
two  teeth].    Carb.  Limesi.  (black  rock),  Avon  Gorge,  Cliflon. 
\thy$  acuminatuSf  L.  Agassis,  Poiss.  Foes.  vol.  ii.  pt.  ii.  p.  85,  pi.  Iva.  fa  1-5 
[teeth].    RhsBiicAnsi  Cliff. 
Sgmaloraja  ISpinaehorhiHus]  polyapondyla,  L.  Agassis,  Poiss.  Foss.  vol.  iii.  p.  881, 
pi.  zlii. ;  Squaloraia,  U.  Biley,  Tirana  Geo!.  Soc.  ser.  ii.  vol.  v.  p.  83,  pi.  iv. 
Timperfect  skeleton  with  traces  of  integameni  and  dermal  scntee].    L.  Lias, 
Lyme  Regis. 
Tdragonolepia  numilifer,  L.  Agassis,  Poiss.  Foss.  vol.  ii.  pt  i.  p.  212.  pi.  zzia.  f.  2 ; 
Daneiius,  J.  Morris,  Cat  Brit.  Foes.  2ad  ed.  p.  324;  A.  8.  Woodward  and 
C.  D.  Sherbom,  Brit  Foss.  Vert  p.  59  [body  with  portion  of  head].     L.  Lias, 
Banwell,  Somerset 

Cephalopoda. 

JmmoniUa  Sowerhyi,  J.  S.  Miller,  J.  Sowerby,  Min.  Conch,  pi.  218  [shell  and  natnral 

cast].     Inf.  Ool.,  Dnndry. 
BeUmnita  elliptietu,  J.  8.  Miller,  Trans.  Geol.  Soa  ser.  ii.  vol.  ii.  p.  60,  pi.  viii. 

fs.  14-16 ;  J.  Phillips,  British  Belemnitidee,  Pal.  Soc.  p.  97.  pi.  xxi.  f.  58;  syn. 

of  Bel.  gwanteua,  Schlotheim,  Taschenb.  7.  p.  70.  and  Petref.  p.  45,  no.  1,  etc. ; 

A.  d*OA>igt)y,  Pal.  Fran^.  Terr.  Jar.  vol.  i.  p.  112  [guard  with  phragmacone]. 

Inf.  Ool.,  Dnndry. 
BeUmniteB  inaculptus,  J.  Phillips,  British  Belemnitids,  Pal.  Soc.  p.  45 (pars)  [longitn- 

dinal  section  of  gaard  and  phragmacone].     L.  Lias.  Lyme  Regis. 
HamiUs ipinulosus,  J.  deC.  Sowerby,  Min.  Conch,  pi.  216,  f.  1  {Dentalium,  Miller,  MS. 

Cat.) ;  syn.  of  Toxoceras  Emericianus,  d'Orb.,  W.  Downes,  Q.J.G.S.  vol.  xxxviii. 

p.  90.     Upper  Greensand,  Blackdowu. 

Gasteropoda. 

Aiaria  angusta,  W.  H.  Hndleston,  Inf.  Ool.  Gast  Pal.  Soc.  1888,  p.  111.  pi.  iv.  f.  2. 

Inf.  Ool.  Ploc. 
Aiaria  Dundriensis,  E.  B.  Tawney.  Proc.  Brist  Nat  Soc.  n.s.  vol.  i.  p.  20,  pi.  i.  f.  5 ; 

W.  R.  Hndleston,  Inf.  Ool.  Gast.  Pal.  Soc.  1888,  p.  122,  pi.  v.  f.  2.     Inf.  Ool. 

Dnndry. 
Aiaria  Etheridgii,  E.  B.  Tawney,  Proc.  Brist  Nat  Soc.  n.s.  vol.  i.  p.  22,  pi.  i.  f.  7 ; 

FuuJalaria,  W.  H.  Hndleston,  Inf.  Ool.  Gast  Pal.  Soc.  1888,  p.  189.    Inf.  Ool. 

near  Yeovil. 
Aiaria  irinitatia,  E.  B.  Tawney,  Proc.  Brist  Nat  Soc.  n.a  vol.  i.  p.  20,  pi.  i.  f.  6; 

Spinigera,  W.  H.  Hndleston,  Inf.  Ool.  Gast.  Pal.  Soc.  1888,  p.  108.     Inf.  Ool. 

Dnndry. 
BdUrophon  dilatatus,  J.  de  C.  Sowerby,  R.  I.  Mnrchison,  *'  Silarian  System,"  p.  627, 


pi.  xii.  f.  24  [shell  divided  vertically  into  two  halves].     Up.  Sil.  Aymestrv. 

erby,  Min.  Con.  pi.  219,  f.  8.  Inf.  Ool.  Coker,  near  i( 
Cirrui  nodosus,  J.  Sowerby.  Min.  Conch,  pi.  219.  fs.  1.  8;  B.  B.  Tawney.  Dnndry 


Cirrvs  Leachii^J,  de  (\  Sowerby,  Min.  Con.  pi.  219,  f.  8.  Inf.  Ooi._Coker,  near  Yeovil. 
nodosus,  J.  Sowerby.  Min.  Co  "  ~ 

Gast.  p.  36.     Inf.  Ool.  Dnndry. 

Note. — This  type  is  now  identified  for  the  first  time. 

CirruM  pyramidalis,  E.  B.  Tawney.  Proc.  Brist  Nat  Soc.  n.s.  vol.  i.  p.  87,  pi.  ii.  f.  10. 

Inf.  Ool.  Dnndry. 
Cyclonema  angulatum,  W.  J.  Sollas,  Q.  J.  Geol.  Soc.  vol.  xxxv.  p.  498.  pi.  xxiv.  f.  5. 

Wenlock.  Pen-y-lan,  Cardiff. 
Cyclonema  simoUx,  W.  J.  Sollas,  Q  J.  Geol.  Soc.  vol.  xxxv.  p.  498,  pi.  xxiv.  fs.  10,  lOa. 

Wenlock,  Rhymney  River,  Cardiff. 
Euspira  (A'atiea)  Dundrunm,  E.  B.  Tawney,  Proc.  Brist.  Nat  Soc.  n.s.  vol.  i.  p.  15, 

pi.  i.  f.  8.     Inf.  Ool.,  Dnndry. 
Fatui  elathratust  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  set.  \\.  -^oV.  x^.'^.^^. 

plxviii.  f.l9;  ?  i?fl/>a.  F.Sto]iczka,Cret.  Gast  of  B.India, p.YAa.   \i^,X^x<i€^- 

aaod,  BlackdowD. 
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Funu  gwadr^Ous,  J.  de  C.  Soweiby  (f^tton),  Trmns.  Geol.  800.  nr.  ii.  vol.  W.  p.  S4S. 

pi.  zviii.  f.  17 ;  Murtx,  J.  Sowerbj,  liin.  Conoh.  pi.  410,  f.  1  (yoong).  Up.  utmb* 

■and,  Blackdown. 
FvLSUi  rigiduit  J.  de  C.  Sowerby  (Fiiion),  Trans.  Geol.  Soc.  aer.  ii.  toL  iw.  p.  S4S, 

pi.  xTiii,  f.  16.     Upper  Greenaand,  Blackdown. 
Fiuui  rutticuM,  J.  de  C.  fc*owerby  (Fitton),  Trana.  Oeol.  Soc.  aer.  ii.  toI.  vr,  p.  $44, 

pi.  xviii.  f.  18  (non  Fumi  rufUeuf,  D'Orb.).     Up.  Greenaand,  Blackdovn. 
HolapMa  graeilit,  W.  J.  8ollas.  Q.  J.  Geol.  Soo.  toI.  xxzt.  p.  409,  pi.  zxiv.  f.  5  [two 

oaata  in  gatta  peroba  and  sealing  wax].    Wenlock,  Bhjmney,  Cardiff. 
HolopMa  hydropiea,  W.  J.  Sollaa,  Q.  J.  Geol.  Soc.  toI.  zzzt.  p.  496,  pL  zziv.  f.  4 

[the  original  mould  and  two  oaats  in  gntta  percha].     Wenlock,  Bhjnmej. 

Cardiff. 
Holopdla  minuta,  W.  J.  Sollas.  Q.  J.  Geol.  Soo.  vol.  zxxt.  p.  496,  pi.  zziT.  f.  6  [oait 

in  sealing  wazl    Wenlock.  Kbjmney,  Cardiff. 
Liitorina  gracilis,  J.  de  C.  Sowerby  (fitton),  Trans.  G^l.  800.  aer.  ii.  t61.  vt.  p.  S4S, 

pi.  ^riii.  f.  12 ;  Ctrithium  {Sandberoeria),  F.  Stolicska,  Cret.  Gast.  of  S.  India, 

p.  264 ;  Centhium,  W.  Downes,  Q.  J.G.H.  toI.  zxxviii.  p.  89.     Up.  Greensud. 

Blackdown. 
Littorina  puttgetUt  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  aer.  ii.  toI.  it.  p.  S4S, 

pi.  XTiii.  f.  5;  Fkasianella,  W.  Downes,  Q.J.G.S.  vol.  xxxviii.  p.  89.    Up. 

Greensand,  Blackdown. 
**Littorina"  reeteplanata,  E.  B.  Tawney,  Proc.  Brist. Nat. Soc.  n.s.  vol.  i.  p. 24,  pi. ii.  f. 6. 

Inf.  Ool.  Dundry. 
MurchiMomia  corvuUnta,  W.  J.  Sollas,  Q.J.G.S.  toI.  xxxt.  p.  499,  pL  xxiv.  f.  !!• 

Wenlock,  Ahymney,  Cardiff. 
Murehitonia  eUgaiu.  W.  J.  Sollas,  Q.J.G.S.  toI.  xxxt.  p.  499.  pi.  xxiT.  f.  8.    [One 

natnral  moold,  and  two  casts  in  gntta  percha  and  sealing  wax.]    Wenlock, 

BJiymney,  Cardiff. 
iVafsa  eostellata,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  aer.  ii.  toI.  it.  p.  844. 

pi.  XTiii.  f.  26;  CffriMtam,  d'Orbigny,  Prod.  vol.  ii.  p.  166;  Cerithium  (pro- 
bably), F.  Stoliczka,  Cret.  Gast.  of  8.  India,  p.  148.  Up.  Greensand,  Blsckdown. 
yatiea  eanalieulata,  J.  de  C.  Sowerby  (Fitton).  Trans.  Geol.  Soc.  ser.  ii.  vol.  It. 

p.  843.  pi.  xviii.  f.  6.     Up.  Greensand,  Blackdown. 
Natiea  carinata,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  toI.  iv.  p.  848. 

pi.  xviii,  f.  8;  ?  Fossar,  F.  Stolicska.  Cret.  Gast.  of  8.  India,  p.  261 ;  FassarMS, 

W.  Downes,  Q.J.G.S.  vol.  xxxviii.  p.  89.     Up.  Greensand.  Blackdown. 
**Nerita'*  lavigata,  J.  Sowerby,  Min.   Conch,  pi.  217,   f.  1;  Monodonta,  J.  Lycett, 

Proc.  Cotts.  Nat.  Field  Club,  vol.  i.  p.  77 ;  E.  B.  Tawney,  Dundry  Gast.  p.  84; 

W.  H.  Hndleston,  Gbol.  Mao.  Dec.  III.  Vol.  II.  (1886),  p.  52.    Inf.  Ool, 

DandiT. 
FhasianeUa  formosa,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  ir. 

p.  848,  pi.  xviii.  f.  14;  ActoBon  (probably),  F.  Stolicaka,  Cret.  Gast.  of  8.  India, 

p.  409.     Up.  Greensand,  Blackdown. 
Fhasianella  striata,  J.  de  C.  Sowerby  ^Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv. 

p.  848,  pi.  xviii.  f.  16  ;  AdtBon  (probably),  F.  Stolicska,  Cret.  Gast.  of  8.  India, 

p.  409.    Up.  Greensand,  Blackdown. 
FUurotomaria  distinguenda,  E.  B.  Tawney,  Proc.  Brist  Nat.  Soc.  11.8.  vol.  i.  p.  45, 

pi.  iii.  f.  2.     Inf.  Ool.  Dundry. 
FUurotomaria  **  Dundriensis,"  E.  B.  Tawney,  Proc.  Brist.  Nat.  Soc.  n.s.  toI.  i.  p.  46, 

pi.  iii.  f.  8.     Inf.  Ck)l.  Dundry. 
Fleurotomaria  *' obconica,**  "E.  B.  Tawney,  Proc.  Brist.  Nat.  Soc.  n.s.  vol.  i.  p.  45, 

pi.  iii.  f.  6,    Inf.  Ool.  Dundry. 
FUurotomaria  **  Sandersii,"  £.  B.  Tawney,  Proc.  Brist.  Nat  Soc.  n.8.  vol.  i.  p.  89. 

pi.  iii.  f.  1.     Inf.  Ool.  Dundry. 
FUurotomaria  "  Stoddarti"  E.  B.  Tawney,  Proc.  Brist.  Nat.  Soc.  n.s.  vol.  i.  p.  50, 

pi.  iii.  f.  6.    Inf  Ool.  Dundry. 
Furpurina  injtata,  E.  B.  Tawney,  Proc.  Brist  Nat.  Soc.  n.s.  vol.  i.  p.  12,  pi.  iii.  f  9; 

W.  H.  Hndleston,  Inf.  Ool.  Gast.  Pal.  Soc.  1888.  p.  92.     Inf.  Ool.  Dundry. 
FyruUk  cUpressa,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv.  p.  841, 

pi.  xriii.  f.  20 ;  Tudicla  or  Rapa,  F.  StoHcska,  Cret.  Gast.  of  8.  India,  p.  14S. 

Up.  Greensand,  Blackdown. 
Bostellaria  maerostoma,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  aer.  ii.  vol.  ir. 

p.  844,  pi.  xviii.  f.  23;  Aporrhais,  J.  8.  Gardner,  Gbol.  Mao.  Dec.  II.  Vol.  II 

(1875),  p.  291;  Pterocereila,  J.  8.  Gardner,  Geol.  Mao.  Dec.  II.  Vol.  VII. 

(1880),  p.  68;  W.  Downes,  Q.J.G.S.  vol.  xxxviii.  p.  89.    Up.  Greens.  Blackd. 
Rostellaria  retusa,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv.  p.  844, 

)1.  xviii.  f.  22 ;  Aporrhais,  J.  8.  Gardner,  Gbol.  Mao.  Dec.  II.  Vol.  II.  p.  5S. 

]p.  Greensand,  blackdown. 
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Sealaria  elimtufoira,  J.  S.  Gkrdner,  Gbol.  Mao.  Deo.  II.  Vol.  III.  p.  109,  PI.  III. 

Fig.  13  (in  parfc  tyoe).    Up.  Greennnd,  Blaokdown. 
Scalaria  pulchra,  J.  de  G.  Bowerby  (Fitton),  Trani.  Geol.  Soo.  ler.  ii.  ?ol.  it.  p.  84S, 

pi.  XTiii.  f.  U  ;  J.  8.  Gardner,  Gbol.  Mao.  Deo.  II.  Vol.  III.  p.  109.    Up. 

Greensand,  Blackdown. 
"  StraparoUut "  Dumdriensit,  E.  B.  Taimey,  Proo.  Briit  Nat  Soo.  n.f.  toI.  i.  p.  86f 

pi.  ii.  f.  9.    **  Diseohelix,*'    Inf.  Ool.  Dnndrj. 
Tomatella  afinis,  J.  de  G.  Sowerbj  (Fifcton),  Trans.  Ged.  Soo.  eer.  ii.  toI.  ir,  p.  848. 

.Te 
Up. 
2Vo«AiM  Sandtrm,  E.  B.  Taimey,  Proo.  Britt.  Nat.  Soo.  n.i.  vol.  i.  p.  81,  pi.  ii.  fl  4. 


_  OT  v^ttonj,  'irans.  (ieoi.  doo.  eer.  u.  toi.  it.  p. 

pi.  xviii.  f.  9;  Aetaom,  d^Orbifniy*  Terr.  Oret  ii.  p.  117;  BinffutsUa,  Stolioska, 
Cret.  Gast.  of  S.  India,  p.  406.    Up.  Ghvenoand,  Blaokdown. 


Inf.  Ool.  Dandry. 
Trochus  mlcattu,  Jas.  Sowerby  (non  Phillips).  Min.  Gonoh,  pi.  280,  f.  8 ;  Fleuroto* 

maria,  E.  B.  Towner,  Dandry  Gast  p.  48.    Inf.  Ool.  Dandry. 
Trochus  Winwwdi,  B.  B.  Tawney,  Proo.  Brist.  Nat.  Soo.  n.s.  vol.  i.  p.  84,  pi.  ii.  f.  8. 

Inf.  Ool.  Dandry. 


"  Turbo**  Dundrimsist  E.  B.  Tawney,  Proo.  Brist.  Nat  Soo.  n.8.  vol.  i.  p.  80,  pi.  ii. 

f.  2.    *"  AmberUya:*    Inf.  Ool.  Dondrr. 
Turbo  omatus,  J.  Sowerby,  Min.  Gonoh.  pi.  240,  f.  1;   AmberUya,  E.  B.  Tawney* 

Dandry  Gast  p.  27.     Inf.  Ool.  Dandry. 

NoTB. — This  type  is  now  identified  for  the  first  time. 

Turbo  ShalerU  E.  B.  Tawney,  Proo.  Brist  Nat  Soo.  n.s.  vol.  i.  p.  81,  pi.  ii.  f.  8. 

Inf.  Ool.  Dandry. 
Turbo  *' StoddarH,**  E.  B.  Tawney,  Proo.  Brist.  Nat  Soo.  n.s.  vol.  i.  p.  29,  pi.  ii.  f.  1. 

Inf.  Ool.  Dandry. 

Pelecypoda. 

Ambonychia  tumida,  W.  J.  Sollas,  Q.J.G.S.   vol.  xxzv.  p.  497,  pi.  zziv.  f.  9  [right 

valve].     Wenlock,  Pen-y-lan,  Cardiff. 
Amphidama?  tenuistriata^  J.  de  C.  Sowerby  (Fittoo),  Trans.  Geol.  Boo.  ser.  ii.  vol.  iv. 

p.  341.  pi.  ivi.  f.  7;  P  Thracia  or  TeUina.  F.  Stolicaka,  Grot.  Pel.  of  S.  India, 

p.  Ill  [Plefb  valve].     Up.  Greensand,  Blaokdown. 
Area  culmotecta,  G.  F.   Whidbome,  Q.J.G.S.  vol.  xzziz.  p.  520,  pU  xviii.  fs.  1,  la 

[left  valve].    Inf.  Ool.  Dandry. 
Area  rotundatat  J.  de  0.  Sowerby  (fitton),  Trans.  G^l.  Soc.  ser.  ii.  vol.  iv.  p.  342, 

pi.  xvii.  f.  8 ;  BarhaHa,  F.  Stolicska,  Cret.  Pel.  of  S.  India,  p.  348  [right 

valve].    Up.  Greensand,  Blaokdown. 
Attarte  coneinna,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv.  p.  341, 

pi.  zvi.  f.  15;  Eriphyla,  F.  Stoliozka,  Cret  Pel.  of  S.  India,  p.  285  [left  valve]. 

Up.  Greensand,  Blackdown. 
AttarU  formosa^  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soo.  ser.  ii.  vol.  iv.  p.  841, 

pi.  zvi.  f.  16 ;  Gouldia,  F.  Stoliozka,  Cret  Pel.  of  S.  India,  p.  285  [valves 

nnitedl.     Up.  Greensand,  Blackdown. 
Astarte  impoiita^  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv.  p.  341, 

pi.  zvi.  f.  18  [valves  united].     Up.  Greensand,  Blackdown. 
Avieula  anomala,  J.   de  0.   Sowerby  (Fitton).  Trans.  Geol.   Soc.  ser.  ii.  vol.  iv. 

p.  342.  pi.  zvii.  f.  18;  Crfnatula,  F.  Stoliozka,  Cret  Pel  of  S.  India,  p.  398 

[left  valve].     Up.  Greensand,  Blaokdown. 


Cardinia  ( Pachyodon)  ahducta,  S.  Statchbary,  Ann.  Mag.  Nat  Hist.  vol.  viii.  (1842), 

p.  484.  pi.  z.  fs.  9,  10  [both  valves].     Inf.  Ool.  Dandry. 
Cardinia  (Pachyodon)  attenuata,  S.  Statcbbarv,  Ann.  Mag.  Nat  Hist.  vol.  viii.  (1842) 

6485,  pi.  z.  f.   13  [valves  anited  and  fragment  of  a  left  valve].     L.  Lias, 
attledown,  Cheltenoam. 
Cardinia  (Pachyodon)  crassiuscula,  S.  Statchbary,  Ann.  Mag.  Nat  Hist,  vol  viii. 

p.  483,  pi.  iz.  f.  8 ;  syn.  of  Unio  crassiuscula^  J.  Sowerby,  Min.  Conch,  pi.  153 

[left  valve].    L,  I^as.  Langar.  Notts. 
Cardinia  (Pachyodon)  cuneata,  S.  Statcbbory,  Ann.  Mag.  Nat  Hist  vol.  viii.  p.  484, 

pi.  z.  fs.  11, 12;  C.  Listen,  var.  cuneata^  Morris,  Cat.  Brit  Fos.  2nd  ed.  p.  190 

[valves  anited].     L.  Lias.  Gloucestershire. 
Cardinia  (Pachyodon)  imbricata,  S.    Statchbary,  Ann.  Mag.  Nat.  Hist  vol.  viii. 

p.  483,  pi.  iz.  fs.  5.  6 ;  C,   Listeri,  var.  imbricata^  J.  Morris.  Cat  Brit  Fobs. 

2Qd  ed.  p.  190  Fright  and  left  valves].     L.  Lias,  Gloucestershire. 
Cardinia  (Pachyodon)  ovalist  S.  Stutchbury  (non  Mantel)),  Ann.  Mag.  Nat  Hist. 

vol.  viii.  p.  485,  pi.  z.  f.  19  [valves  unitedj.     L.  Lias,  Fretheme.  Gloucestershire. 
Cardvum  Dundriense,  G.  F.  Whidbome,  Q.J.G.S.   vol.  zzziz.  p.  524,  pi.  zviii.  f.  8 

[P  right  valve].     Inf.  Ool.  Dundry. 
Cotbuta  truncatOt  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv.  p.  341, 
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pLxTi.  tSiDCB  C»r««ikfmeite.Sov..dXhrbi|t^.TcTr.CraLvoLm.pLI8B, 

fi.  ^12     right  and  left  vaItm'.    Up.  GrvcaMsd,  BkdnlowB. 
CmeuNirm  Urma$m,  J.  de  C.   Scr»«rby  (Fittoo'.  Tnm.  G«ol.  Soc   nr.  iLfoLir. 

p.  Ml  pL  xriL  f.  7:  W.  Dovbml  Q.J.G.S.  toL  xxxriiL  p.  87  [WtMlNi> 

Ur  Greenfluwi.  Blaekdown. 
Cypricardim  JUopim,   G.  F.  Wludbone.   QJ.G.Sl    tqL    ^-rriir    pt   SSl,  pL  stm- 

ik  19.  Ida  [v&IvM  luitei;.     Inf.  OoL  Don^rj. 
Cvprima  nairmU/J,  d«  C.  Soverbj  ^Fitton),  Trmiu.  GcoL  Soc  aer.  ii.  niL  it.  p  M< 

pi.  zrii.  f.  1;   rAtf2/«  iroi/rarrfMi.  F.  Stolioka,  Ci«C   PeL  of  &  ladii. 

p.  198  [rii^ht  vmlve].     Up.  Grtenmnd,  BUekdown. 
CytAerm  nbrvtuadM^  J.  'de  C.  Soweriij  tFittcot.  Tnuis.  GeoL  80s.  ter.  n.  foL  iv. 

p.  MU  pi.  xfii.  f.  3:    Carycfu.   F.  Stolicxka,  Ciet.  FeL  oT  a  Iiidk.  p  Ul 
rig^bt  vmlte'.     Up.  Greeiuuid.  BUekdovn. 
Gerrillui  uladioims:  G.  F.  Whidbone,  QJ.G.&  toL  zzzix.  p.  516,  pL  xvL  £  7  [dosbli 

■heli;      Inf.  Ool.  Dondry. 
Gervillia  rtstrata,  J.  de  C.  Sowerbj  tFittoni.  Tnns.  Ge<d.  8oe.  wet.  ii.  tqL  iv.  p.  Mi 

pL  zrii.  f.  17;  f  Perua,  J.  Morria^  Cst.  Brit.  Fom.  Sad  ed.  p.  179 ;  IMm.  F. 

Stoliczka.  Cret  Pel.  of  S.  Indim.  p.  400  rralves  onited'.     Up.  Grecas.  Bbckdi. 
Gryphta  ahmUa,  G.  F.  Whidbone.  QJ.G.S.  vol.  zzxiz.  p.  4^  pi.  zr.  £  7  [M  v«Iw} 

Inf.  Ool.  Dondrr. 
Gryphea  Soliatn,  G.  F.  Wbidborne,  Q.J.G.8.  toL  zzzix.  p.  495.  pi.  zr.  f.  9  [nha 

united "r     Inf.  Ool.  Dandry. 
Harpar  Tawmeyi,  G.  F.  Wbidborne.  Q.J.G.S.  toL  zzziz.  p.  514,  pi.  zr.  &  18.^ 

[2  single  vmlvet  in  matriz  showing  interiors'.     Inf.  Ool.  Dondry. 
Leda  ?  ambwua,  W.  J.  Sollas.  Q.J.G.8.  vol.  zzzv.'p.  497.  pi.  zziv.  t  7  [vmlTei  imitBd} 

Up.  Lndlow,  Cae  Castle,  Rhymney. 
Lima  amtiqvata,  J.  8owerby.  II  in.   Conch,  pi.  214,  f.  2  TralTea  nnitedl.    Stb.  <i 

L.  mecvuia,  8chlotheim,  R.  Tate,  York.  Lias,  p.  3^.    L.  Liaa,  FretJieiM, 

Gloucestershire. 
Umapoetica,  G.  F.  Whidborne,  Q.J.G.S.  toL  zzziz.  p.  511,  pL  zriL  f,  9  [M  nlve) 

Inf  OoL  DnndiT. 
Lima  suhotalit,  J.  de  C.  Sowerby  /Fitton>,  Trans.  Geol.  Soc  ser.  ii.  toL  iv.  p.  ?«• 

pl.  xvii.  f.  21 ;  Radula  {CUnoide$),  F.  8tolicxka.  Cret.  PeL  of  8.  India,  p.  414 

(valves  anitedj.     Up.  Greensand,  Blackdown. 
Lticina?  orbicularis^'  Z.   de  C.    Sowerby  (Fitton).  Trans.  Geol.  Soc.  ser.  ii.  toI.  i>. 

p.  a41.  pL  zvi.  f.  13;  Limapns,  F.  Stolicxka,  Cret  PeL  of  S.  India,  p.  252 

[valves  united].    Up.  Greensand,  Blackdown. 

{To  be  continued.) 
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Le  Pieghe  delle  Alpi  Apuane.  Contbibuzione  agu  SirDi 
bull'  Orioine  delle  Montagne.  Per  Carlo  de  Stefani,  Pro- 
fessore  di  Geologia  nel  R.  Istituto  di  Studi  Superiori  di  Firenze. 
pp.  114.  Con  una  Carta  Geologica,  due  Tavole  di  Spaccati,  e^ 
Incisioni  nel  Testo.     (Firenze,  Le  Monnier,  1889.) 

The  Foldings  of  the  Apuan  Alps.  Contributions  to  the  Study 
OF  THE  Origin  of  Mountains.  By  Prof.  C.  de  Stefani.  With 
coloured  Geological  Map,  two  Tables  of  Sections,  and  Woodcuts. 

THE  author  of  this  work,  who  has  for  many  years  studied  the 
Apuan  Alps,  commences  by  giving  a  description  of  the  different 
beds  of  which  they  are  com|)08ed  and  of  the  fossils  contained  in 
them,  llie  lowest  strata  consist  of  dark  magnesian  limestones, 
with  numerous  remains  of  OrthoceraSf  Crinoids,  and  Sponges,  which 
ore  referred  on  general  grounds  to  the  age  of  the  Middle  or  Upper 
Silurian.  These  are  succeeded  by  peculiar  bluish,  bituminous  lime- 
atones,  technically  known  as  ^grezzoni,*  belonging  to  the  Middle 
Trias  or  Muschelkalk,  and  above  these,  a  series  of  limestones,  marbles 
ind  sohists  of  the  age  of  the  Upper  Trias.    In  this  series  are  included 
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he  famoas  statuary  marbles  of  Carrara,  and  their  true  geological 
lorizon,  now  no  longer  doubtful,  was  first  determined  by  Prof. 
Stefani.  Some  of  the  limestones  are  in  part  siliceous,  and  there  are 
klso  beds  of  red  jasper,  several  metres  in  thickness,  which  are 
^garded  by  the  author  as  due  to  Badiolaria. 

In  places  the  limestones  are  mainly  composed  of  Crinoidal  remains, 
eferred  mostly  to  a  single  species,  JSncnnus  granulosus,  Miinst. 
Tollowing  the  Trias  in  upward  succession  are  limestones  of  BhsBtic 
iT  Infraliassic  age ;  the  Lower  Trias,  including  the  zones  of  Psilonoti, 
ingtdatt  sjid  Arietites ;  the  Middle  and  Upper  Lias;  Jurassic  schists 
vith  Posidonomya  omatt,  Quenst,  which  may  probably  represent 
he  Oxford  Clay ;  the  Tithonian ;  Neocomian ;  Middle  and  Upper 
Thalk;  Nummulitic  limestones,  clays  and  sands  of  Eocene  age, 
epresented  also  by  serpentines,  gabbros  and  diabases ;  gravels  and 
lays  of  Upper  Miocene  age;  Pliocene;  Post- pliocene  and  Glacial 
leposits.  References  are  given  to  the  principal  fossils  present  in 
hese  beds  respectively,  and  they  are  briefly  compared  with  syn- 
hronous  deposits  in  other  parts  of  Italy  and  elsewhere  in  Europe. 
?he  breaks  or  interruptions  in  this  series  are  considered  in  a  separate 
hapter,  and  this  is  followed  by  a  table  showing  in  a  concise  form 
he  different  successive  zones  and  their  characters. 

No  small  part  of  the  work  is  taken  up  by  a  detailed  description  of 
be  various  anticlinal  and  synclinal  folds  which  form  such  marked 
matures  of  the  Apuan  Alps,  and  the  characters  and  course  of  these 
re  well  shown  in  the  accompanying  map  and  plates  of  sections, 
'he  author  treats  further  of  the  displacements  of  beds  which  have 
een  produced  by  foldings  of  the  strata,  and  arrives  at  the  conclusion 
bat  the  greater  part  of  these  displacements  does  not  result  from  an 
riginal  discordance,  but  has  been  produced  by  movements  in  the 
•eds  themselves.  He  likewise  opposes  the  view  that  the  formation 
f  the  marbles  and  the  uralittzntion  of  the  Eocene  diabases  have  been 
ue  to  phenomena  of  compression,  and  attributes  these  alterations 
n  the  rocks  to  slow  molecular  changes  produced  or  favoui'ed  by 
irculating  waters  and  by  the  ordinary  metamorphic  surroundings, 
ointings  in  the  rocks,  and  the  origin  of  valleys  independently  of 
fiults,  are  likewise  considered.  Numerous  instances  are  given  of 
be  partial  inversion  of  strata  which  occur  on  the  outer  borders  of 
lountain  chains,  which  result  from  purely  superficial  phenomena, 
>at  may  have  nevertheless  an  important  influence  on  the  formation 
f  these  ranges. 

The  final  chapter  treats  of  the  general  conclusions  on  the  origin  of 
Qountains,  deduced  from  the  Apuan  Alps,  but  having  a  wider 
.pplication.  As  the  result  of  his  observations,  the  author  states  that 
be  secondary  folds  which  constitute  mountains  are  probably  only 
he  result  of  relatively  subordinate  phenomena  which  take  effect  at 
10  great  distance  below  the  terrestrial  surface,  in  the  interior  of 
;reater  and  more  general  undulations,  through  compression  produced 
>y  the  overlying  superficial  strata ;  and  in  support  of  this  view  he 
efers  to  the  paper  of  Mr.  Charles  Davison  ^  *0n  the  Secular  Straining 
>f  the  Earth.' 

^  Obol.  Mao.  May,  1889,  p.  220. 
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OR  23  V  I  23  ^SPT"  S. 

I. — Protessor  Oaudrt  on  Dbtopithkcus. 

A.   Gaudrt. — Le  DRTOPiTHiQUB.    Mem.   Soo.   G^l.   Franoft, 
Paleontologie,  vol.  i.  Mem.  No.  1,  pp.  11,  pi.  1  (1890). 

IN  this  intereBtiDg  and  important  communication  the  learned 
Professor  of  the  Paris  Museum  brings  to  notice  a  nearly  com* 
plete  lower  jaw,  recently  obtained  from  the  Miocene  of  St.  Gaadeni, 
belonging  to  the  large  Anthropoid  Ape  known  as  Dryopitheeus, 

This  Ape,  it  may  be  well  to  mention,  was  previously  known 
mainly  by  a  very  imperfect  lower  jaw  obtained  many  years  ago 
from  the  same  deposits,  and  described  by  the  late  Edouard  Lartet 
Owing  to  the  imperfection  of  that  specimen,  it  was  considered  that 
the  Dryopitheque  had  an  extremely  short  symphysis  to  the  lower 
jaw,  and  consequently  that  it  was  more  specialized,  and  came  nearer 
the  human  type  than  any  existing  Ape.  The  comparatively  earlj 
geological  horizon  in  which  the  remains  of  this  Ape  are  found 
rendered  its  presumed  specialization  a  very  remarkable  circumstance. 

The  new  specimen  has,  however,  proved  that  the  creature  was,  as 
might  have  been  expected  from  d  priori  considerations,  in  reality  the 
most  generalized  of  all  the  Man-like  Apes.  This  is,  indeed,  rendered 
very  clear  by  the  four  lower  jaws  represented  in  the  plate  accompany- 
ing Prof.  Gaudry 's  memoir ;  and  it  will  be  seen  from  these  figures  that 
there  is  a  very  gradual  diminution  in  the  length  of  the  symphysis 
of  the  lower  jaw  as  we  pass  from  the  Dropitheque  to  the  Gorilla, 
Chimpanzee,  and,  finally,  Man.  The  long  symphysis  of  the  fossil 
form  allies  it  with  the  lower  Baboons  and  Monkeys;  and  we  thus 
see  that  the  Dryopitheque  now  definitely  takes  that  place  in  the 
family  SimiidcB  which  we  should  have  assigned  to  it  from  its  geological 
horizon.  The  relegation  of  this  Ape  to  a  low  position  induces  the 
Professor  to  withdraw  his  suggestion  that  the  problematical  facetted 
flints  of  the  Miocene  of  Thenay  were  its  handiwork.  B.  L. 


11. — The  Geology  of  the  Country  near  Yarmouth  and  Lowestoft. 
By  J.  H.  Blake,  F.G.S.,  etc.  Geological  Survey  Memoir,  8vo. 
pp.  101.  Price  2«.    (London,  Kegan  Paul,  Trench,  Triibner  <fe  Co.) 

A  SKETCH  of  the  Natural  History  of  Yarmouth  and  its 
neighbourhood,  by  C.  J.  and  [Sir]  James  Paget,  was  published 
in  1834.  That  work  contains  but  a  brief  reference  to  the  geology ; 
for,  excepting  in  some  controversial  papers  on  recent  physical 
changes  by  J.  W.  Robberds  and  R.  C.  Taylor,  the  district  had 
up  to  that  time  received  but  little  attention  from  geologists.  The 
interest  of  the  geology  is  indeed  to  a  large  extent  I'uniished  by  the 
cliff-sections  of  Kessingland,  Pakefield,  and  Corton.  Accounts  of 
these  were  subsequently  published  by  Trimmer,  Gunn,  Wood  and 
Harmer,  Prestwich,  and  others ;  and  in  1884  a  detailed  section  by 
Mr.  Blake  was  published  by  the  Geological  Survey  (see  Gkol.  Mao. 
April,  1885,  p.  180). 

Mr.  Blake  now  gives  full  particulars  of  all  the  strata  exposed  in 
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the  area,  inoluding  also  those,  like  the  Chalk,  Beading  Beds  and 
London  Clay,  which  were  identified  by  Prof.  Prestwich  from  evidence 
obtained  in  a  well-boring  at  Yarmouth.  The  clififs  exhibit  the  best 
sections  we  have  in  England  of  the  '*  Clialky  Boulder  Clay,"  but 
the  beds  of  most  interest  belong  to  the  Forest  Bed  Series,  and  these 
are  exposed  at  intervals  along  the  base  of  the  cliffs,  being  usually 
much  obscured  by  talus. 

Some  notes  on  borings  made  along  this  coast  are  contributed  by 
Mr.  Clement  Reid,  and  it  is  interesting  to  learn  that  traces  of  Crag 
were  found  below  the  base  of  the  cliff  at  Pakefield.  It  seems  likely 
also  that  some  portion  of  the  Crag  Series  is  represented  in  the  beds 
(120  feet  thick)  grouped  as  '* Recent  Estuarine  Deposits"  in  Prof. 
Prestwich's  record  of  the  deep  well  at  Yarmouth ;  but  Mr.  Blake 
expresses  no  opinion  on  this  subject.  These  Estuarine  deposits  are 
surmounted  by  about  fifty  feet  of  Blown  sand  and  shingle,  on  which 
the  town  of  Yarmouth  stimds.  The  town  indeed  is  built  on  an  old 
sand -bank,  which  is  supposed  to  have  been  isolated  from  the  land 
until  about  a.d.  1000.  A  representation  of  this  **  popular  tradition  " 
is  given  in  the  Yarmouth  Hutch  Map,  a  copy  of  which  was  published 
by  S.  Woodward  (History  of  Norwich  Castle,  p.  48)  ;  and  Mr. 
Blake  quotes  Spelman,  who  says  that  this  ground  first  became  firm 
and  habitable  about  the  year  1008. 

The  Broads  form  a  pleasing  feature  of  the  inland  scenery.  These, 
according  to  Mr.  Blake,  in  all  probability  date  back  to  the  times 
when  the  main  river-channels  formed  branches  of  an  estuary.  Tidal 
action  then  assisted  in  scouring  out  these  shallow  basins,  and  they 
were  afterwards  to  some  extent  dammed  up  by  bars  that  were  formed 
across  the  outlets  of  the  valleys  in  which  they  lie. 

Appendices  to  this  work  include  accounts  of  well-sections  and 
borings,  lists  of  fossils  from  the  Forest  Bed  Series  and  from  the 
Glacial  Sands,  and  an  account  of  the  Lowestoft  China,  etc. 


ni. — Tub  Asoooebatid^  and  the  LiTUiTiDiB  of  the  Upper  Silu- 
BiAN  Formation  of  Gotland.  Described  by  G.  Lindstrom. 
40  pages  and  7  plates.  Communicated  to  the  Royal  Swedish 
Academy  of  Sciences,  11th  December,  1889.    (Stockholm,  1890.)^ 

SO  much  of  the  work  of  the  palaeontologist  of  our  day  necessarily 
consists  in  revising  that  of  his  predecessors,  that  the  appearance 
of  a  palffiontological  memoir,  written  by  a  master  of  the  craft,  and 
containing  new  facts  and  deductions,  cannot  fail  to  arouse  more  than 
ordinary  interest.  After  long  and  patient  research,  Dr.  Lindstrom 
has  brought  to  light,  from  the  rich  Silurian  deposits  of  Sweden, 
nearly  the  whole  of  the  missing  parts  of  the  shell  of  Ascoceras. 
Though  this  discovery  has  been  anticipated  to  some  extent  by  the 
author  in  a  paper  communicated  to  this  Magazine  (December,  1888), 
we  have  in  the  present  memoir  a  very  complete  and  clear  account 
of  the  structure  of  Ascoceran,  and  an  allied  new  genus  {Choanoceran) 
illustrated  with  a  series  of  admirable  plates,  containing  numerous 

figures. 

^  Written  in  English. 
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The  menioir  opens  with  an  introduotion,  oonlsining  a  deaoription 
of  the  Cephalopoda  beds  of  Giotland  :  these  represent  the  "  Ludlow 
beds  "  {190  feet),  the  "  Wenlook  shale  "  (80  feet),  and  the  "  Upper 
Llandovery  "  {thioknesa  unknown).  In  Uie  uppermost  of  tbeae  W* 
iinmenBe  masses  of  the  shells  of  Cephalopoda  occur,  the  strata  (4  or 
6  feet  thiok)  being  made  up  almost  entirely  of  them,  in  some  plsoei. 
From  the  vast  quantities  of  these  shells,  of  all  sizes,  thus  hcsptd 
together,  the  author  supposed  that  thuy  were  washed  ashore,  as  tbt 
shells  of  Spirvla  are  at  the  present  day  on  the  shores  of  the  Pacifio 
islands. 


1,  Schematic  riew  o(  the  intflrior  of  jiiayerrai  manubrium.  Lindrtr.,  showing  thi 
itrnctura  and  airtDKemeril  of  the  Kptn ;  «t,  gipbuacte ;  Ji,  duct  that  commomcaKa 
with  the  aiphuDcIe  of  the  Nautiloid  portion  of  the  shnll  (see  n,  Pig.  r) ;  b,  schemstie 
Tiew  of  three  lipoid  lepta  of  Aie.  fialttla,  Linditi.,  aeca  from  the  veatral  side: 
c,  new  of  the  third  Bfptum  of  the  namo  specie*,  shown  u  free,  aa  if  remnred  from 
the  ahell,  to  eihihit  the  lar^  central  lacana  ;  d.  the  aame  ii«wed  laterally  |tiie 
■iphuncular  orifice  ii  aeen  at  the  bottom  of  all  theae  lipirea) :  e,  lon^tadinal  Kcticn 
of  a  specimeB  of  Au.  dtcipiim,  Lindstr.,  from  Sandarfve  Ealle,  with  four  regular 
aepta  aboTe  the  aigmoid  onea :  r,  echematic  view  of  Ase.  drcipinu,  reproented  a>  if 
complete — n,  the  IXautiloid  porlion  of  the  shell ;  o,  longitudinal  and  median  Kction 
from  the  eoneave  to  the  convei  aide,  of  Cii>ani>etiiu  mutabilt,  Lindatr.,  ahowing 
the  interior  of  the  ahell,  with  the  outlinn  of  the  incoinplet«  septa  — <t,  eiphducle; 
a,  fragment  of  the  same  aperies,  reduced  to  about  J!  uatural  size.  All  the  figure* 
are  copied  from  LindstrBm's  plates  a — d,  reduced  from  ^  to  }  natural  size ;  i— o 
are  the  same  size  as  the  oHgiaal  figures. 

After  reviewing  in  considerable  detail  the  work  done  by  varioni 
authors,  chiefly  Oernian  and  Swedish,  in  connection  with  <^t1and 
Cephalopoda,  including  Elein,  Breynius,  Hisinger,  Schlotheim, 
'Wablenberg,  Uarklin,  Angelin,  Boll,  and  Barrande,  Dr.  Lindstrom 
I  his  description  of  the  Family  AscoceralJdcB.'     In  this 
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family  he  recognizes  four  genera,  viz.  Aaeoeeras,  Barrande/  OIosbO' 
eeras,  Ban*.,'  BUlingsiteSf  Hyatt,'  and  Choanoeeras,  gen.  nov.  Tbeee 
genera  are  united  together  by  a  structural  feature  common  to  all  of 
them,  viz.  ''the  abnormal  growth  and  morphology  of  the  septa 
formed  during  the  last  stage  of  their  existence."  Beginning  with 
regularly- formed  septa,  there  are  developed  at  a  later  stage  of  growth 
a  series  of  septa  which  bend  upwards  in  a  sigmoid  fashion  against 
the  walls  of  the  shell,  on  the  dorsal  side.  All  the  septa  succeeding 
the  first  sigmoid  one  are  incomplete,  leaving  a  large  **  lacuna  "  or 
empty  space  (Figs,  o,  d)  in  the  centre,  which  lacuna  is  bounded  by 
the  lateral  margins  of  the  septa.  The  siphuncle  (Figs,  a,  g,  si)  is 
broad,  with  nummuloidal  or  bulbous  elements.  Truncation  seems 
to  have  been  repeated  several  times  in  all  these  genera. 

Ascoceraa, — This  genus  has  two  distinct  stages  in  its  development, 
viz.  a,  the  Nautiloid  ;  6,  the  Ascooeras  proper.  Stage  a  corresponds 
with  the  common  type  of  the  suborder  Nautiloidea.  It  may  be 
regarded,  theoretically,  as  a  long  gently-curved  tube  (Fig.  f), 
corresponding  in  curvature  with  the  Ascooeras  part  of  the  shell ; 
but  owing  to  its  having  been  broken  ofif  or  decollated  several  times 
during  growth  its  actual  length  seldom  exceeds  that  of  the  Ascooeras 
portion,  and  it  often  falls  short  of  this.  The  test  of  the  Nautiloid 
stage  (Fig.  F,  n)  is  generally  transversely  striated ;  sometimes  an- 
nulated.  Tlie  septa  are  oblique,  shal lowly  concave,  and  higher 
on  the  dorsal  than  on  the  ventral  side :  they  are  irregularly  spcused, 
sometimes  several  are  placed  near  together,  while  others  are  wide 
apart.  The  necks  of  the  septa*  project  backwards.  The  siphuncle 
is  always  situated  near  the  ventral  (convex)  side;  it  is  composed 
of  slender,  tubular  elements. 

The  second  stage  of  Ascoceras,  termed  by  Lindstr5m  Ascoceraa 
proper,  is  of  sac-  or  flask-like  form,  slightly  curved,  with  a 
naiTow,  cylindrical  prolongation  or  neck,  ending  in  a  simple,  circular 
aperture. 

The  internal  structure  requires  a  more  detailed  description,  es- 
pecially as  Dr.  Lindstrom's  researches  have  revealed  some  new 
features  in  it  The  septa  are  of  two  kinds  :  a.  regular  or  Nautiloid 
septa ;  6,  Sigmoid  septa.  The  first  septum,  which  may  be  regarded 
as  the  last  Nautiloid  septum,  and  forms  the  bottom  of  the  shell, 
**  is  strengthened  from  within  by  organic  deposits  of  calcareous 
matter."  This  septum  is  in  some  species  followed  by  a  second, 
of  the  ordinary  shape  ;  but  in  the  majority  of  species  the  abnormal, 
sigmoid  septa  (Figs,  a,  b,  f)  immediately  succeed  the  first,  ordinary 
one.     The  number  of  sigmoid  septa  varies  from  three  to  seven  ;  but 

*  Oesterr.  Blatt.  fur  Litt.  ii.  Kunst,  1847;  Haidinger's  Berichte  iiber  d.  Mittheil. 
V.  Freund.  d.  Naturwiss.  in  Wien,  1847,  p.  268  ;  also  Bull.  Soc.  Gtfol.  France,  1865, 
ser.  2,  vol.  xii.  p.  167. 

«  Syst  Sil.  de  la  Bohame,  1867,  vol.  ii.  pt.  i.  p.  372. 

'  **  Genera  of  Fossil  Cephalopods,"  Proceed.  Boston  Soc.  Nat.  Hist.  vol.  xxii. 
1883,  p.  278.  JBillinff sites  is  a  Silurian  g^enus  closely  allied  to  jlseoeems.  The  type 
species  ia  Asc.  Canadrnst^y  Billings,  Rep.  Prog.  Geol.  Surv.  Canada,  1863-66,  p.  3i0. 

*  Their  recurved  ends  which  form  a  little  funnel  through  which  the  siphuncle 
passes. 
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it  is  yery  oonstant  in  any  given  species.^  The  septa  are  oontiaiioiii 
from  the  ventral  (convex  side)  to  the  dorsal  side,  as  may  he  Been 
in  many  of  the  casts,'  where  the  sutures  continue  uninterruptedly 
across;  in  the  interior  of  the  shell,  however,  this  oontinoity  ii 
broken.  Here  only  the  first  sigmoid  septum  is  entire,  all  the 
succeeding  ones  having  a  broad,  elongate,  elliptical  empty  space 
or  lacuna,  running  longitudinally  and  slightly  expanding  anteriorly, 
in  accordance  with  the  increasing  diameter  of  the  shell  (Figs,  c,  d). 
The  organic  deposition  ceased  where  the  septum  touched  the  surflMse 
of  the  next  preceding  one,  but  the  margins,  where  the  septa  were 
not  in  contact,  are  entire.  The  margins  thus  form  a  sort  of  frame 
around  the  central,  elongated,  empty  space.  The  sipbunde  (Fig. 
A,  G,  si),  always  near  the  ventral  side  of  the  shell,  consists  of  broad, 
nummuloid  elements ;  it  is  in  immediate  connexion  witb  the  siphande 
of  the  Nautiloid  stage  of  the  Ascoceras  shell  through  a  peculiar 
little  tubular  duct  (Fig.  a,  dt),  which  is  closed  by  a  calcareooa 
secretion,  when  decollation  has  taken  place.  The  form  and  position 
of  the  septa  (Fig.  a)  may  be  thus  described.  Starting  from  the 
dorsal  wall  of  the  shell  they  first  make  a  strong,  inwardly-directed 
curve,  and  then  sweeping  outwards  in  a  wider  curve,  they  closely 
approach  the  dorsal  side,  and  finally  bend  round  to  the  ventral  side, 
thus  completely  encircling  the  shell. 

Dr.  Lindstrom  considers  it  questionable  whether  there  was  any 
great  change  in  the  shape  of  the  animal  of  Ascoceras,  such  as  the 
altered  form  of  the  septa  in  the  Ascoceras  st^ge  would  lead  one 
to  suppose.  That  there  was  some  change,  at  least  in  volume,  he 
naturally  infers,  because  it  seems  evident  that  the  shell  was,  as  it 
were,  moulded  upon  the  body  of  the  animal.  But  he  finds,  in  several 
instances,  evidence  of  a  curious  reversion  in  the  shape  of  the  septa 
and  siphuncle  to  the  Nautiloid  stage  in  the  Ascoceras.  Figure  e 
exhibits  this  remarkable  modification.  Dr.  Lindstrom  argues  from  this 
**  reversion  of  characters  "  that  as  the  animal  could  scarcely  **  twice 
modify  its  body,"  there  must  actually  have  been  very  little  change 
in  its  structure  as  it  passed  from  the  Nautiloid  into  the  Ascoceras 
stage. 

Referring  to  the  increase  in  the  size  of  the  body  of  the  animal  of 
Ascoceras,  as  shown  by  the  inflation  of  the  sac-like  part  of  its  shell) 
Dr.  Lindstrdm  remarks :  "An  increase  in  the  volume  of  the  body 
must  also  have  occurred  in  such  genera  as  Gomphoceras  and  PoteriO' 
eeras,  the  latter  of  which  bears  no  slight  resemblance  to  Ascoceras, 
When  the  shell  had  been  completed,  the  mollusc  drew  itself  higher 
up  in  it  and  commenced  the  secretion  of  the  sigmoid  septa.  Near 
the  ventral  side  the  place  of  the  animal  has  not  been  much  changed; 
at  the  dorsal,  again,  it  moved  more  and  more  upwards." 

A  short  history  of  Ascoceras  here  follows,  in  which  the  views  of 
different   authors,    beginning  with   Barrande,    are   set   fortb    and 

^  A  fragment  of  an  unknown  species,  figured  by  Dr.  Lindstrom,  has  indications 
of  no  less  than  twelve  septa. 

*  We  obserre  that  Dr.  Lindstrom  uses  the  term  *' nucleus,*' in  the  same  sense; 
but  it  is  scarcely  so  appropriate. 
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criticized.  The  aszbor  cLuou  to  be  toe  firs;  to  have  seen  the 
"NaatUoid"  portun  of  AMtmeermM.  and  ii«  think  jwlj;  for  the 
spedmen  fcumd  m  ISTi  br  Bamuftde  (SjiL  SO.  de  la  Bobenew 
iroL  iL  So|^  p.  98»  ^  eeecscL)  with  two  aepu  beneatk  tlie  fint 
ngmotd  one,  ragaided  bj  bim  as  dgcidnoM  aepca»  are,  in  fiMt«  oiTS 
Lindstroiii,  "  tke  fini  two  aepta  of  tbe  AwcmeermB,  and  ibe  lowemoal 
of  tiieae  is  dio  tivnealed  cxtreBitT." 

Hie  foUowiiis  (tbiiteni »  new  speowa  of  AfCMtrms  are  dcacribad 
(pp.  20 — 33)  and  figured  : — eochUatmmy  do/iaai,  jUiml^  F^P^  rHitm^ 
/ahm,  wuBnAHmm,  mwfmUa,  ttUart,  Irngtrnm^  cmemmU^  deripiems^  ttpAe. 
gradaimmu  Besides  tiiete,  A.  Bokemiemm,  Barrande,  is  described  and 
figured.  Paaaing  orer  Gle^foeeras  and  BSImgtiU^r  about  which  the 
author  has  nothing  ^wcial  to  remark,  we  come  to  the  new  genua 
ChoamoeeroM  ^  (Figa.  G,  h)  described  as  baTing  a  shell  ^  resembling  a 
iiiuntly-ciirred  Ortboceratite,  with  the  lower  extremitr  truncated  and 
coDicallj  pointed.'*  Tbe  aperture  is  probably  simple;  the  body* 
chamber  very  large,  occupying  almost  nine-tenths  of  the  whole  ahelL 
Septa  from  foor  to  six,  fcMmed  like  a  pointed,  oblique  funnel  All 
the  septa  are  equally  well  deTeloped  in  young  specimens,  but  in  the 
adult,  in  which  there  are  six  septa,  three  of  these  are  complete, 
and  the  three  earlier  ones  incomplete  or  lac^nose.  The  siphunde  is 
nummnloid  in  the  older  indiTidoals,  cylindrical  in  the  younger,  and 
the  necks  of  the  septa  hook-like  and  strongly  recurred.  This  genus 
contrasts  with  Aseoeeras  in  the  meagre  development  of  its  laoinose 
septa.  The  position  of  the  latter  may  also  be  contrary  to  those  in 
JicoeeraSf  supposing  that  the  oonTex  side  of  the  shell  is  the  ventral, 
and  tbe  concave  the  dorsal,  as  is  assumed  in  Ascoctras,  In  Cibocrao- 
eeras  the  lacunose  part  of  the  septa  is  placed  against  the  convex  side; 
in  Ascoceras  near  the  concave  side.  One  species  of  C1^oanocera$  is 
described  and  figured,  viz.  C.  mutahile, 

A  fragment  of  an  unknown  genus  is  figured  by  Dr.  Lindstrom, 
who  describes  it  as  having  "  pointed  and  funnel-like  septa ;  but 
r^ilarly  placed  in  the  median  axis  of  the  straight  shell."  The 
necks  of  the  septa  are  very  long  and  continuous  down  to  tbe  bottom 
of  the  next  septum,  *'  thus  forming,  as  it  seems,  the  entire  siphunde." 
It  cannot,  therefore,  belong  to  the  present  group. 

Under  the  Lituitidaa,  two  species  of  Ophidioceraa  are  described 
and  figured,  viz.  0.  retieulaium^  Angelin,  and  0.  rota^  sp.  nov.  Of 
this  genus  Dr.  Lindstrom  observes  that  there  is  nothing  to  add  to  the 
generic  characters  given  by  previous  authors,  except  that  the  body* 
chamber  is  of  extreme  length  in  all  the  Gotland  specimens  that  have 
been  sectioned.  It  occupies,  namely,  more  than  one  whorl,  and  some- 
times more  than  two. 

Eeferring  to  the  classification  of  the  Asooceratidsd  and  kindred 
groups,  Dr.  Lindstrom  dissents  from  Hyatt's  allocation  of  hia 
(Hyatt's)  genus  Billingaiies  with  Meaoeeraa,  Barr.,  in  the  family 
Mesoceratidffi  (Hyatt).  Dr.  Lindstrom  considers  that  BiUingsites 
ahould  be  **  placed  amongst  the  Ascooeratidse  near  Olossoceras  on 
account  of  its  contracted  aperture,  while  Ophidiocera$  may  keep 

^  From  x^os  a  funnel. 


3S0  Revieits — M.  Michel-Liry — On  Mont  Blanc. 

its  more  natural  place  amongst  the  Lituitidas,  which  has  been  given 
to  it  by  Barrancle." 

We  desire  in  closing  to  express  our  sincere  appreciation  of  the 
valuable  service  the  author  has  rendered  to  palasontological  sdeooe 
in  collecting  and  expounding  so  many  new  and  interesting  £fictB 
regarding  a  hitherto  but  half- understood  genus.  We  trust  he  will 
permit  us  also  to  add  our  congratulations  to  him  upon  his  admirable 
handling  of  our  mother-tongue.  A.  H.  F. 


The  Geology  of  Mont  Blamo. 
lY. — ''£tude    sub    les   Eochbs   obistallins   kt    ^buptivss   Dtt 

ENVIB0N8    DU     MoNT     BlANO."         By    M.    MlCHEL-Lf:VY.      (BulL 

serv.  Carte  geol.  France,  No.  9,  Paris,  1890.) 

THE  old  view  of  the  geological  structure  of  Mont  Blanc  repre- 
sented the  valley  of  Charaounix  as  occupied  by  a  synclinaJ  of 
Jurassic  rocks,  nipped  in  between  the  schists  and  gneisses  of  the 
anticlinals  of  the  Aiguilles  Bouges  on  the  west  and  of  Mont  Blanc 
on  the  east.  This  view  has  been  widely  circulated  owing  to  the 
frequent  quotation  of  A.  Favre's  diagram,  in  which  it  is  so  well 
expressed.  It  has  not  however,  during  the  past  few  years,  been 
allowed  to  pass  unchallenged.  Lory  regarded  the  fact  of  the  schists 
on  the  west  flank  of  Mont  Blanc  dipping  eastward,  and  those  to  the 
east  dipping  westward,  as  due  simply  to  an  ordinary  synclinal,  and 
not  as  a  case  of  the  '*  fan  structure."  According  to  this  theory,  the 
central  "protogine  gneiss,"  which  forms  the  main  mass  of  the 
mountain,  is  newer  than  the  schists  upon  its  lower  flanks,  while  the 
crystalline  rocks  are  faulted  up  against  the  Mesozoic  beds  of  the 
Cbampunix  valley.  Mazzuoli  on  the  other  hand  regards  Mont  Blanc 
as  an  anticlinal,  and  the  protogine  as  part  of  the  old  ''  fundamental 
gneiss,"  covered  to  east  and  west  by  newer  but  yet  pre-PalsBozoio 
schists.  It  is  clear  that  in  these  conflicting  hypotheses,  the  whole 
question  turns  upon  the  nature  of  the  *'  protogine  "  and  its  relations 
to  the  surrounding  schists.  M.  Michel-Levy  has  therefore  subjected 
this  rock  to  a  careful  examination,  and  in  the  above  memoir  claims 
the  protogine  to  be  a  true  granite,  intrusive  into  the  schists,  and 
subsequently  itself  foliated  by  lateral  pressure.  This  view  is  sup- 
ported, first,  by  a  microscopic  study  of  the  protogine  and  its 
principal  varieties,-  such  as  the  amphibolic  protogine,  an  altered 
specimen  of  which  was  recently  described  by  an  English  author  as 
an  epidiorite.  Second,  by  an  examination  of  the  relations  of  the 
protogine  to  the  schists,  into  which  it  is  proved  to  send  numerous 
veins ;  the  junction  of  the  two  rocks  is  not  well  shown  in  the  great 
sections  of  the  valleys  of  the  Glacier  d'Argentiere  and  the  Mer  de 
Glace,  but  clear  proof  of  the  intrusive  nature  of  the  protogine  can 
be  seen  above  Pierre  Pointue  and  round  the  Aiguille  du  Plan.  Third, 
by  a  microsoo}>ic  study  of  the  **  englobements  "  so  numerous  near  the 
junction  with  the  schists.  M.  Levy  rejects  Prof.  Rosen busch*s  view 
that  these  are  segregations  of  the  first  period  of  consolidation,  and 
b^^W^Ml  that  they  are  included  fragments  of  the  schists. 
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If  the  Talley  of  Chamounix  be  a  synclinal,  then  there  should  be 
some  agreement  between  the  sequence  of  the  schists  on  both  sides  of 
the  valley.  M.  Michel- Levy  divides  the  schists  into  three  zones. 
The  virestem  includes  three  main  types :  the  granulitio  mica-schists 
(t.e.  schists  injected  by  grannlite)  of  the  Aiguille  de  Berard,  Aiguille 
cot^,  the  amphibolites  and  eclogites  of  Lac  Comu,  and  the  coarse 
mica-schists  of  the  Br^vent.  The  median  zone  is  a  series  of  mica- 
schists,  which  extend  from  the  Col  du  Montet,  past  the  Fl^g^re, 
and  below  the  Planpraz,  along  which  line  they  form  the  slopes  at  the 
foot  of  the  crags  formed  by  the  coarse  schists  of  the  first  zone ;  very 
similar  rocks  to  these  occur  at  the  end  of  the  Glacier  des  Boissons. 
The  eastern  zone  is  constituted  of  mica-schists,  associated  with  some 
amphibolites,  and  analogous  to  the  rocks  of  the  western  zone :  this 
zone  can  be  well  studied  in  the  valley  of  the  Mer  de  Olace,  where 
the  schists  alternate  with  interstratified  granulites,  while  both  are 
cut  by  veins  of  aplite.  Hence  though  the  evidence  is  inconclusive, 
the  existence  of  a  synclinal  is  probable.  M.  Michel -L^vy  hopes  to 
obtain  more  satisfactory  proof  during  the  coming  season. 

The  age  of  the  protogine  cannot  be  exactly  determined.  It  is 
pre-Carboniferous,  as  fragments  of  it  occur  in  the  Carboniferous  con- 
glomerate of  Ajoux ;  it  is  later  than  the  pre-Cambrian  schists  {z^  and 
probably  also  x  of  the  French  Survey),  and  so  is  much  younger  than 
the  Italian  geologists  admit. 

In  addition  to  the  main  question  discussed  in  the  memoir,  valuable 
contributions  are  made  to  the  discussion  of  collateral  subjects. 
Thus  the  author  claims  that  the  microgranulite  of  La  Poya  supplies 
conclusive  evidence  of  the  existence  of  the  two  different  stages  of 
consolidation  in  granitic  rocks.  Further  that  while  pre-Carboniferous 
movements  had  a  great  influence  on  Alpine  topography,  the  extent  of 
later  elevations  can  be  seen  by  the  foldings  of  the  Mesozoic  beds  of 
the  Charollaise  and  the  Mayonnaise.  It  is  also  contended  that  the 
neighbouring  granite  of  Yalorcine  has  altered  true  gneiss  into  the 
schists  in  which  it  is  intrusive. 

In  addition  to  the  woodcuts  illustrating  the  micro-structure  of  the 
rocks  described,  the  memoir  is  accompanied  by  four  admirable  photo- 
graphic views,  of  which  those  showing  the  Mer  de  Glace  opposite 
the  ''Angle,"  and  the  Aiguille  du  Chardonnet  across  the  Glaci^re 
d'Argentieres,  are  especially  pleasing.  J.  W.  G. 


Geological  Society  of  London. 

June  18,  1890.— Dr.  A.  Geikie,  F.R.S.,  President,  in  the  Chair. 
— ^The  following  communications  were  read  : 

1.  **  The  Borrowdale  Plumbago,  its  Mode  of  Occurrence  and 
Probable  Origin."     By  J.  Postlethwaite,  Esq.,  F.G.S. 

After  giving  details  of  the  mode  of  occurrence  of  the  plumbago 
of  Borrowdale  in  veins  traversing  diabase  and  diorite,  which 
break  through  the  Volcanic  Series  of  Borrowdale,  the  author  refers 


382      JReporis  and  Proceedings — Oeologieal  Society  of  Londm. 


to  the  modes  of  ocoarrence  of  plombago  io  other  regions,  and  oon- 
trasts  these  with  the  surroundings  of  the  Lake-District  masses. 
He  points  out  that  many  thousand  feet  of  volcanic  ix>ck  supervened 
between  the  Borrowdale  plumbago-bearing  rocks  and  the  overlying 
carbonaceous  shales  of  Silurian  age.  On  the  other  hand,  he  finds 
similarities  between  the  containing  rocks  in  Borrowdale  and  the 
diamond-bearing  rocks  of  South  Africa,  and  considers  that  the 
conditions  under  which  the  plumbago  was  formed  in  the  Lake 
District  approached  much  more  closely  to  those  which  gave  rise 
to  the  Eimberley  diamonds  than  to  those  which  originated  the 
plumbago  deposits  in  North  America,  though  there  is  great  dis* 
similarity  in  the  chemical  composition  of  the  intrusive  rocks  in 
the  two  cases,  especially  with  regard  to  the  quantity  of  magnesia 
present  He  suggests  that  the  molten  magma  in  its  upward 
course  passed  through  a  deep-seated  stratum  of  highly  carbonaceous 
material,  and  tore  off  numerous  fragments,  the  bituminous  matter 
in  which  became  acted  upon  by  heat,  a  further  alteration  being 
subsequently  caused  by  the  intrusion  of  the  diorite. 

2.  "Notes  on  the  Valley- Gravels  about  Heading,  with  especial 
reference  to  the  Palsdolithic  Implements  found  therein."  By  0.  A. 
Shrubsole,  Esq.,  F.G.S. 

The  following  deposits  containing  implements  are  described  : — 

A.  North  of  the  Thames, 

(i.)  Gravel  at  Toot's  Farm,  Caversham ;  235  feet  above  sea-level 
(ii.)  Clayey  gravel  by  side  of  Henley  Road,  Caversham  ;  168  feet 
above  sea-level. 
(iiL)  Suhangular  gravel  at  Shiplake  ;  200  feet  above  sea-level. 

B.  South  of  the  Thames. 

(i.)  Gravel  at  Elm  Lodge  Estate,  Reading ;  197  feet  above  sea- 
level, 
(ii.)  Gravel  on  disturbed  beds  at  Redlands;   157  feet 
(iii.)  Comminuted  flinty  gravel  at  Southern  Hill ;  223  feet, 
(iv.)  Gravel  at  Sonning  Hill ;  185  feet  above  sea-level, 
(v.)  Gravel  at  Rusoombe,  Twyford ;  165-170  feet  above  sea-leveL 

The  author  concludes  that  the  highest  gravels  (235-280  feet 
above  sea-level)  do  not,  so  far  as  is  known,  contain  any  traces 
of  Man,  and  that  a  considerable  amount  of  valley-erosion  occurred 
before  the  deposition  of  the  earliest  gravels  which  have  furnished 
human  relics.  Further,  he  considers  that  the  deposits  indicat-e  the 
occurrence  of  a  severe  climate  at  an  early  stage,  and  its  recurrence 
at  a  later  one,  viz.  during  the  deposition  of  the  gravels  found  at  a 
height  of  197  feet  and  144  feet  respectively  above  the  sea-level.  He 
believes  that  many  of  the  implements  found  in  the  lower  levels  at 
Reading  have  been  derived  from  gravels  of  various  dates  and  different 
levels,  which  have  been  swept  away  by  denudation,  and  that  this 
will  account  for  the  mixed  character  of  the  types  of  implements. 

The  next  Meeting  of  the  Society  will  be  held  on  Wednesday; 
November  12th,  1890. 
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SIR   WARINGTON   WILKINSON   SMYTH,    M.A.,   F.R.S. 

For.  Sec.  Geol.  Soc.,  F.R.G.S. ;  Lecturer  on  Mining  at  the  Royal  School  of  Mines, 
and  Inspector  of  Mineral  Property  of  the  Dachy  of  Cornwall  and  the  Crown. 

Born  1817;  Died  19th  June,  1890. 

Sir  Warington  W.  Smyth  (whose  sudden  death  from  heart  disease 
we  recorded  in  our  last  Number)  was  the  eldest  son  of  Admiral 
W.  H.  Smith,  D.C.L.,  F.R.S.,  eta,  and  was  bom  in  1817  at  Naples. 
His  mother  was  the  only  daughter  of  Mr.  Thomas  Warington, 
British  Consul  at  that  city.  He  was  educated  at  Westminster  and 
Bedford  Schools  and  Trinity  College,  Cambridge,  where  he  dis- 
tinguished himself,  among  other  ways,  as  an  oarsman,  rowing  in 
the  winning  University  Crew  on  the  Thames  in  1839.  In  this  year 
he  took  his  B.  A.  degree,  and,  having  gained  a  travelling  bachelorship, 
commenced  a  journey  which  extended  over  a  period  of  more  than 
four  years,  and  was  mainly  devoted  to  a  study  of  the  mineral 
products  and  mining  industries  of  Germany,  Austria,  Hungary, 
European  Turkey,  and  Asia  Minor,  in  the  course  of  which  he  laid 
the  foundation  of  that  solid  and  practical  knowledge  of  these  subjects 
which  made  him  throughout  his  life  one  of  our  greatest  authorities 
upon  them.  On  his  return  to  England  in  1844,  he  was  appointed 
by  Sir  Henry  De  la  Beche  to  a  post  on  the  Geological  Survey,  and 
in  1851.  on  the  formation  of  the  Royal  School  of  Mines  in  Jermyn 
Street,  he  became  Lecturer  on  Mineralogy,  and  on  Mining,  retaining 
the  former  chair  till  1881,  and  the  latter  to  his  death.  About  the 
same  time  he  was  appointed  Inspector  of  the  Mineral  Property  of 
the  Duchy  of  Cornwall,  and  soon  afterwards  Chief  Mineral  Inspector 
to  the  Crown,  under  the  Commissioners  of  Woods,  Forests,  and  Land 
Revenues.  For  the  Geological  Society  he  has  done  good  service,  having 
been  one  of  the  Honorary  Secretaries  from  1866  to  1866,  President  in 
1866  and  1867,  and  Foreign  Secretary  for  the  last  16  years.  In 
1879  he  was  appointed  Chairman  of  the  Royal  Commission  on 
Accidents  in  Coal  Mines,  to  the  duties  of  which  office  he  devoted 
much  labour,  in  addition  to  the  performance  of  his  ordinary 
professional  work  during  the  seven  years  in  which  the  Commission 
was  sitting.  For  this  and  other  public  services  he  received  the 
honour  of  knighthood  in  1887.  Besides  various  technical  reports 
and  contributions  to  purely  scientific  literature,  he  published  in 
1856  a  book  entitled  "A  Year  with  the  Turks,"  and  in  1867 
*'A  Rudimentary  Treatise  on  Coal  and  Coal  Mining,"  a  standard 
work  now  in  its  sixth  edition,  which  has  been  translated  into  tiie 
principal  European  and  also  the  Chinese  languages.  Although  he 
was  not  a  man  who  cared  much  to  place  himself  before  the  world, 
he  commanded  the  respect  and  esteem  of  all  who  came  into  contact 
with  him  in  no  common  degree,  and  it  will  be  difficult  to  replace 
him  in  the  particular  branches  of  Science  which  he  had  made  especi- 
ally his  own.  He  may  be  said  almost  to  have  died  in  harness;  for, 
notwithstanding  that  he  had  been  for  some  months  out  of  health 
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to  such  an  extent  as  to  cause  anxiety  in  the  minds  of  his  intimate 
friends,  he  could  scarcely  be  persuaded  to  give  himself  any  relaxation 
from  his  official  labours,  the  scrupulously  conscientious  performance 
of  which  had  characterized  him  throughout  life,  and  he  attended  the 
Boirie  of  the  Boyal  Society  on  June  18th,  the  evening  before  bis 
death.  Sir  Warington  Smyth  married,  in  1864,  Antonia,  daughter 
of  the  late  A.  M.  Story-Maskelyne,  of  Basset  Down,  Wilts,  and 
he  leaves  two  sons. 

As  a  lecturer  on  Mining  to  students  he  was  most  popular,  and  his 
discourses  were  amongst  the  most  largely  attended  of  any  of  those 
delivered  at  the  Royal  School  of  Mines.  These  lectures  were  never 
published,  but  a  short-hand  report  of  the  course,  taken  by  a  writer 
employed  by  Prof.  John  Milne,  F.R.S.,  of  Tokio,  Japan,  when  he 
was  himself  one  of  Prof.  Smyth's  students,  and  afterwards  privately 
printed,  exists  in  the  archives  at  Jermyn  Street  It  would  be  a 
pleasing  memorial  to  Sir  Warington  Smyth,  if  some  of  his  old 
students  undertook  to  reprint  these  (after  being  carefully  edited), 
and  issued  them  as  a  testimonial  of  their  love  and  esteem  for  their 
Professor.  

ROBERT   WILLIAM    MYLNE,    F.R.S.,   F.G.S. 

BoBN,  June  14,  1816 ;  Died,  July  2,  1890. 

We  regret  to  record  the  death  of  another  old  member  and  past 
officer  of  the  Geological  Society  of  London.  Mr.  R.  W.  Mylne,  F.R.S., 
who  died  on  the  2nd  July,  1890,  in  his  75th  year. 

By  profession  Mr.  Mylne  was  a  Civil  Engineer  and  Architect, 
particularly  directing  his  attention  to  matters  concerning  the  Water- 
supply  of  large  towns.    This  special  bias  to  his  career  was  doubtless 
greatly  due  to  the  fact  that  his  father  held  the  post  for  fifty  years  of 
Engineer  to  the  New  River  Company.     Although  not  himself  an 
official  of  that  Company,  he  took  part  in  engineering  work  required 
by  them,   in   association  with  his  father,  for  about  twenty  years. 
The  knowledge  so  obtained  is  shown  in  his  evidence  before  the 
Eoyal  Commission  on  Water-Supply  on  the  6th  June,  1867,  and  in 
his  paper  "  On  the  Supply  of  Water  from  Artesian  Wells  in  the 
London  Basin,  with  an  account  of  the  Sinking  of  the  Well  at  the 
Reservoir  of  the  New  River  Company  at  Hampstead  Road ;"  *  and 
in  his  work  published  in  1850,  *'  Sections  of  the  London  Strata,"  in 
which  many  "deep  wells"  of  those  days  are  recorded,  but  none  of 
them  pass  through  the  Chalk ;  the  deepest  being  522  feet. 

About  1857  he  published  a  Contour  Map  of  the  Metropolis,  and 
in  1871  a  similar  map,  geologically  coloured,  appeared.  He  was 
elected  a  Fellow  of  the  Geological  Society  of  London  in  1848 ;  and 
was  on  the  Council  of  that  Society  from  1854  to  1868,  and  again 
in  1879.  In  the  years  1856  and  1857  he  held  office  as  one  of  the 
Secretaries,  the  other  being  the  late  Sir  Warington  W.  Smyth, 
F.R.S.  He  was  elected  a  Fellow  of  the  Royal  Society  in  1860. 
For  many  years  he  served  the  office  of  Treasurer  to  the  Geological 
Club.  W.  R.  J. 

1  Trans.  Inst.  Cinl  £ng.  vol.  iii.  pp.  234-244,  1842.    This  inclades  BeportB  bj 
W.  n.  11  jlne  and  J.  Simpson. 
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I. — On  some  Fossil  Estherta. 
By  Prof.  T.  Rupert  Jones,  F.R.8.,  F.G.S.,  etc. 

(PLATE  XII.) 

A.  Truusie  Ettherim, 

I.  North-American  Fossil  Estheris. 

1.  Either ia  LewUii^  sp.  dot. 

2.  Otktr  North-'Amertwn  Etthtrim, 

II.  E,  minuta  (Albert!)  and  laxitexta^  Sandberger,  from  Bavaria. 

B.  Furbeek  Eitheria. 

1 .  E,  subquadratn  (Sow.) 

2.  E.  sp.  undescribed. 

A.  Tkiassig  Esthbria. 
I.  North' American  Estheria. 

1.   ESTHERIA   LeWISII,  Sp.  DOV.      PI.  XII.  FigB.  Sfl,  36. 

THIS  species  is  represented  by  one  cast  and  part  of  another,  in 
red  sandstone  from  Bucks  Co.,  Pennsylvania,  given  to  me  not 
long  before  his  death  by  my  lamented  friend,  Professor  Henry 
Carvill  Lewis,  F.G.S.,  etc.,  of  Philadelphia. 

Length  5  mm.     Height  3  mm. 

Valve  narrow- 8u bo vate  or  oval-oblong;  straight  above  (hinge-line 
to  length  of  valve  nearly  as  23  to  30),  neatly  curved  below,  though 
the  edge  is  not  quite  perfect;  rounded  at  the  extremities;  umbo 
strong,  a  sixth  of  the  valve's  length  from  the  front  end.  The 
concentric  ridges  of  the  surface,  19  or  20,  strong  and  wide  apart 
in  the  early  part  of  the  valve,  closer  but  very  distinct  afterwards. 
The  casts  seem  to  show  traces  of  interstitial  markings  in  irregular 
vertical  lines  (Fig.  36) ;  but  unfortunately  these  are  partly  due  to 
the  sand-grains  of  the  matrix  and  the  partial  coating  and  staining 
of  iron -oxide. 

As  this  form  differs  from  any  other  known,  I  propose  to  regard 
it  as  a  new  species,  Estheria  Lewisii,  dedicated  to  the  memory  of 
one  of  the  most  promising  and  most  regretted  of  geologists.  His 
short  life  and  brilliant  works  are  recorded  in  the  Gbol.  Mao.  for 
September,  1888. 

A  brief  account  of  the  geology  of  Bucks  County,  Penna,  whence 
Prof.  H.  C.  Lewis  received  the  specimens  of  Eatheria  Lewiaii  here 
described,  is  given  by  Prof.  J.  P.  Lesley  in  the  **  Geological  Hand 
Atlas   of  the   Sixty-seven  Counties  of  Pennsylvania,"  etc ,  in  tlie 
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"  Second  Greological  Survey  of  PenoBjlTania :  Eeport  of  Progren. 
X."  1885.  At  pages  xxviii  and  xxix  it  is  stated  that  "  most  of  its 
surface  is  a  gently  rolling,  highly  cultivated  country  of  Meauzoio 
Kew-Bed  sandstone  and  shale,  all  dipping  north-westward  at  angles 
varying  from  5^  to  15^,  for  33  miles  (in  a  straight  line)  along  the 

river   [Delaware] The  Mesozoic   formation    is  of  the 

same  character  throughout, — an  alternation  of  hard  and  soft  layers 
of  reddish  sand  and  mud,  some  fit  for  building-purposes,  some  oon- 
glomeratic,  a  few  calcareous,  and  some  (near  the  middle  of  the 
formation)  fossiliferous,  containing  numerous  bones  of  large  sea- 
lizards,  shells,  and  plants." 

2.  Other  North-Amerioan  Esthebia. 

The  best  of  Prof.  Lewis's  specimens  (Fig.  3a)  is  unlike  any  of  those 
from  North  America  figured  in  pi.  2  of  the  "  Monogr.  Foss.  Estheris, 
Pal.  Soc."  1862.     Among  the  woodcuts  of  these  Estherise,  copied  at 
pp.  86-7  of  the  "  Monogi-aph,"  fig.  6  (Esiheria  ovata,  Lea,  sp. ;  Post- 
donia  multieostata,  Emmons)   is  the  nearest  in  shape,  but  differs  in 
the  number  of  concentric  riblets.  Fig.  8  (E.  ovata^  Lea,  sp.;  P.  ovaliSt 
Emmons)   has  the  concentric  lines  more  similar,  but  the  outline  is 
very  different.     My  statement,  that  these  and  the  other  woodcuts 
are  of  little  or  no  use  towards  the  discrimination  of  species,  unfor- 
tunately still  holds  good.     I  suggested  at  p.  91,  that  fig.  28  of  pi.  2 
may  be  the  same  as  figs.  26  and  27,  the  shape  being  the  same ;  the 
first-mentioned,  however  (figs.  28-30),  has  not  only  very  close-set 
concentric  lines  of  growth,  but  smooth  interspaces ;  and  fig.  31  shows 
the  same  feature,  sufficient  to  characterize  a  species.     Unfortunately 
we  have  no  certainty  about  the  interstitial  ornament  of  the  wide- 
ribbed  figs.  26,  27.     Nor  can  we  refer  the  reticulate  ornaments, 
figs.  32,  34,  35,  36,  so  much  like  that  of  the  European  E,  mtnuto, 
and   fig.    33,   coiresponding   with    that    of  E,    Brodieana,   to  any 
known    form    from    Pennsylvania,    Virginia,    or    North    Carolina. 
Much  less  the  ornaments  shown  by  figs.  37  and  38  of  pi.  2.     These 
isolated  pieces  of  ornament  were  taken  from  parts  and  pieces  of 
badly -preserved  North-American   JSstheria,   and    probably  indicate 
five  or  six  different  species.     Figs.  26  and  27  may  very  well  repre- 
sent one  of  these  species,  most  likely  one  with  reticulate  interspaces; 
but  there  is  as  yet  no  proof  of  this  relationship. 

The  following  Table  shows  the  leading  characters  of  the  North- 
American  fossil  Esiheria  figured  in  pi.  2  of  the  "  Monogr.  Foss. 
Esth.  Pal.  Soc."  1862:- 

Fig.  26,   27.   From  Prince  J 

Edward,  near  Kich-  |  Concentric  lines  wide  apart, 
mond,  Virginia     ..   ) 

*         Richmoi^*      *  }  ^^^^^^^^^^  li°®®  numerous  and  close  together. 

,,    29  and  30.  The  same        Smooth  interspaces. 

,,    31.  Richmond   The  same. 

32    Richmond  ^  Reticulate    interspaces,   like   those    in    JS,  minuU ; 

"        '  t         probahly  somewhat  squeezed  cross- wise. 

„    33.  Richmond   (  ^™*^l  reticulation,   like    that    in    if.   minuta,  nr. 

"  (         Bradieanu. 
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Fie   24    Dan  'River  {  Stimulation,  like  that  of  fig.  82,  and  probably  sligbtly 

rig.  «*.  i/an  niver  ^         squeezed  in  the  same  way. 

„    36.  Dan  Birer  Similar  reticulation,  bat  squeezed  obliqaely. 

A  A    -D- 1 ^  f  Similar   reticulation,    either    equeesea  sideways,  or 

„    36.  JHchmond   |         naturaUy  crowed  with  slight  vertical  ridges. 

37  Dan  River  1  Columnar,  interstitial  ornament,  like  that   in  som« 
„    «>/.  iran  ju  er  j         Wealden  specimens,  and  in  the  recent  E,  timilit, 

38  Eichmond  i  ^^^'"P^^^^^  ^^^^  ^^  coarse  parallel  thread-like  linos, 
,,        .  juc         a   y         one  separated  from  another  by  a  row  of  small  pits. 

Figs.  26  and  27  are  good  examples  of  subovate  valves,  with  open 
concentrio  ribbing,  but  have  lost  all  trace  of  their  interstitial 
ornament ;  fig.  28,  though  of  the  same  shape,  differs  from  the  fore- 
going in  the  closeness  of  its  lines  of  growth. 

The  ornamentation  shows  that  figs.  82,  34,  and  35  are  decidedly 
of  one  species ;  fig.  33  may  be  a  variety  of  the  same ;  fig.  36  is 
either  the  foregoing  large  reticulation  squeezed  sideways,  or  that  of 
a  different  species ;  fig.  37  and  fig.  38  are  also  distinct  species. 

We  have  no  better  grounds  for  taking  these  characters  of  imperfect 
specimens  as  the  basis  for  naming  the  possible  species  than  we  hnd 
in  1862,  when  I  grouped  them  all  under  Lea's  name  "  opa<a,"  on 
account  of  the  possibility  of  bad  drawings  of  badly  preserved 
specimens  making  differences  where  none  really  exist 

Prof.  J.  D.  Dana,  in  his  "  Manual  of  Geology,"  3rd  edit  1880, 
p.  410,  gives  in  fig.  711  a  drawing  like  fig.  5  (Lyell's  woodcut), 
p.  86,  Monogr.  Foss.  Esth.,  for  £.  ovata  (Lea);  in  ^f;.  711a,  I!, 
ovaltB  (Emmons),  like  the  fig.  8,  p.  87,  op.  cit. ;  and  in  fig.  7116,  a 
Binall.  neat,  suboval  valve  (apparently  the  same  as  ^^  Eaiheria  ovata" 
fig.  261,  p.  169,  "  Text-book  of  Geology,"  1870)  as  E.  parva  (Lea). 
This  is  an  acceptable  plan,  if  '*E.  ovata  "  can  be  allowed  (as  in  1862) 
to  cover  the  group,  although  Emmons's  midticoatata  was  said  by 
Conrad  to  be  the  same  as  Lea's  ovata ;  the  latter  to  be  apparently 
not  the  same  as  Ly ell's  specimens  (fig.  5,  p.  86,  Monograph,  &  pi. 
2,  fig.  28) ;  and  Emmons's  triangularis  (p.  86,  fig.  7)  to  be  probably 
the  same  as  Lea's  parva.  We  still  want  perfect  drawings  or  good 
examples  of  these  forms.  Prof.  H.  Carvill  Lewis  hoped  to  get  some 
for  examination ;  but  the  specimens  now  before  us  are  all  that 
opportunity  permitted  him  to  obtain  before  he  was  taken  from  us. 

11.  flsiheria  minuta  (Alberti),  and  E,  lazitexta,  Sandberger,  from 

Bavaria,  etc. 

Some  years  ago  my  friend  Dr.  Fridolin  von  Sandberger  favoured 
me  with  several  specimensof  Es/Wta  minuta  (Alberti)  and  E.  laxitexta, 
Sandberger,  but  it  has  been  only  of  late  that  I  could  take  them  in 
hand  for  careful  examination.  The  following  have  been  selected  as 
specimens  showing  good  shapes  of  E,  minuta. 

Figs.  4,  5,  and  6  are  in  a  grey,  micaceous  shale,  with  ferruginous 
impressions  of  plant- remains,  from  the  Lettenkohle,  at  Fulda, 
Hessen-Cassel. 

Fig.  4  corresponds  closely  with  fig.  4,  pi.  2,  "Monogr.  Foss. 
EstherisB,"  1862,  but  has  rather  weaker  umbo  and  stronger  concentric 
wrinkles  ;  Fig.  5  is  like  fig.  29,  pi.  1,  but  is  weak  in  the  umbo  (like 
Fig.  4),  and  has  more  numerous  and  less  prouo\m(^^d  ^qti^^mVxx^ 
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vrrinkles ;  in  its  straight  back  and  feeble  lines  of  growth  it  is  like 
fig.  5,  pi.  2,  but  its  postero-venti-al  curve  is  much  fuller,  llie  little 
Fig.  6  matches  ^^,  14,  pi.  2,  the  small  Rh»tio  variety  Brodieana, 
but  it  has  not  quite  so  prominent  an  umbo,  and  ia  rather  squarer  in 
outline. 

Fig.  7,  labelled  "  E,  Alhertii  (Voltz),  Baden,"  is  in  a  hard  micaceous 
shale,  light-^rey  and  purplish ;  it  is  not  much  larger  than  fig.  9, 
pi.  2,  and  differs  only  triflingly  in  outline,  being  rather  fuller  in  the 
an tero- ventral  curve,  less  angular  in  front  of  the  umbo,  and  having 
slightly  stronger  concentric  ridges.  With  its  relatively  small  size 
and  oblong  shape  Fig.  7  (4^  by  3  mm.)  comes  in  as  a  large  form  of 
var.  Brodieana.  It  is  from  the  upper  i^ed  clay  of  the  Or^  bigarre, 
at  Durlach,  Baden. 

In  a  piece  of  thin,  dull-red  shale  from  the  Pfinzthal,  Baden,  is  a 
shining,  compressed  cast  of  another  specimen,  labelled  ''  E.  Alhertii 
(Voltz),"  similar  to  Fig.  7,  and  measures  4  by  3  mm. 

On  one  of  the  bed-planes  of  an  inch-thick  mudstone,  dark-grey, 
hard,  fine-grained,  and  slightly  micaceous,  from  the  Lettenkohle  of 
Wiirzburg,  Bavaria,  are  numbers  of  a  small  form  of  **  Eslheria 
mtnuta  "  (about  4  by  2^  mm.)  crowded  together.  On  the  other  bed- 
plane  is  a  group  of  Pullastra-Vike  bivalves  in  casts  and  impressions. 

Fig.  8,  labelled  *'  £.  IcLxitexia,  Sandberger,  from  the  Estheria-hed 
of  the  Lower  Keuper,  at  Windsheim,  Middle  Franoonia,"  is  a  fine 
large  Estheria  with  shape  and  ornament  like  those  of  E.  mtnuta^ 
Fig.  8rt  is  comparable  with  fig.  5,  pi.  2,  of  the  **  Monogr.  Fosa. 
Esth."  1863,  though  somewhat  larger,  and  having  a  fuller  curve 
at  the  an  tero- ventral  margin.  The  reticulate  sculpture  of  the 
concentric  interspaces  is  essentially  the  same  as  that  in  figs.  3  &  7 
of  the  pi.  2  referred  to,  so  that  I  cannot  find  good  ground  for 
following  Prof.  Dr.  Fr.  von  Sandberger  in  separating  this  form  from 
E.  minuia.  He  tells  me  in  a  letter  (May  8th,  1890),  that  he 
"  separated  E,  laxiiexia,  which  occurs  high  above  the  stratum  with 
E,  minvtay  from  that  species  on  account  of  the  difference  in  the 
sculpture ;  that  he  has  not  described  nor  figured  it ;  and  that  its 
relatively  larger  size  was  not  the  reason  of  his  separating  it  from 
E.  minvta.**  Certainly  the  slight  difference  in  size  and  contour  is  not 
sufficient  for  a  specific  distinction ;  and  the  sculpture  of  the  selected 
specimen  shows  no  difference. 

E,  laxitexta  was  mentioned  by  Dr.  von  Sandberger  in  the 
"  Verhandlungen  d.  k.  k.  geol.  Reichsantalt "  (Wien),  No.  16,  1871, 
p.  323,  in  a  note  on  the  Estheria-bed  of  the  Keuper  in  South  France ; 
but,  by  some  mistake,  it  is  there  stated  to  have  been  described,  from 
English  specimens,  by  me,  as  a  variety  of  E.  minuta,  occurring 
exclusively  in  the  Lettenkohle. 

Some  of  the  specimens  before  me  are  numerous  and  relatively  well 
preserved  on  the  bed-planes  of  a  greenish  shale,  rather  hard  and 
slightly  micaceous,  from  near  Bayreuth  (Upper  Franconia)  and  in 
the  Steigerwald,  like  (von  Sandberger  states)  the  Estheria-bed  of  the 
Keuper  in  Swabia  and  in  the  Department  Gard  in  South  France. 
Olhen  lie  less  regularly  in  a  grey,  harder,  and  more  solid  mudstone 
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or  shale,  slightly  micaceous,  from  the  Lower  Eeuper  of  Windsheim, 
Middle  Frauconia  (Bavaria). 

B.    PUBBKOK  ESTHEBIJB. 

1.  Ebthebia  8UBQUADRATA  (Sowerby).     PI.  XII.  Figs.  1,  2a,  26. 

Estheria  elliptical  Dunker,  var.  suhquadrata  (Sow.),  Monogr.  Fossil 
EatherisB,  Palceont.  Soo.  1863,  pp.  103-109,  pl.  3,  figs.  18-29. 

Length.  Height. 

Fig.  1.  6*6  mm.  4*0  mm. 

Fig.  2.  4*6  mm.  8*8  mm. 

Doubtless  there  is  a  close  zoological  connection  between  Estheria 
eUiptica,  Dunker,  and  E.  suhquadrata  (Sow.),  but  it  now  appears  to 
me,  especially  as  no  specimens  exactly  like  Bunker's  type  (''Monogr. 
Foss.  Esth."  pl.  4,  fig.  1),  nor  its  most  quadrate  variety  (fig.  3),  have 
been  met  with  in  England,  that  it  will  be  advantageous  to  palaeon- 
tologists for  us  to  allow  the  slight  difference  in  outline,  and  the  more 
striking  difference  in  the  interstitial  ornamentation,  to  constitute 
specific  (and  not  merely  varietal)  distinctions,  and  thus  allow 
E  suhquadrata  to  stand  by  itself  as  a  species. 

The  specimens  collected  by  the  Rev.  W.  R.  Andrews,  F.G.S., 
in  the  Vale  of  Wardour,  and  kindly  submitted  by  him  for  exami- 
nation five  or  six  years  ago,  comprise  an  internal  cast  retaining 
only  a  small  remnant  of  the  test,  Pl.  XII.  Fig.  1,  and  a  perfect,  but 
smaller,  individual.  Fig.  2a,  h.  In  Fig.  1  we  have  an  oblong  form, 
with  advanced  anterior  angle,  and  a  nearly  vertical,  slightly  convex 
front  edge.  This  is  proportionately  shorter  than  fig.  23  in  pl.  3, 
•'  Monogr.  Foss.  Esth.,"  and  more  fully  curved  on  the  ventral  margin; 
but  its  long  back  distinctly  separates  it  from  fig.  3  o-f  pl.  4  op,  dt. 

In  our  Fig.  2a  we  see  the  nearly  exact  counterpart  of  fig.  19,  pl.  3, 
of  the  Monograph,  with  an  ornament  corresponding  more  or  less 
closely  with  that  of  figs.  21,  22,  24,  28,  and  29  (from  the  Wealden 
of  Sussex),  but  not  with  that  of  the  Hanoverian  specimens  (pl.  4, 
figs.  4,  5,  and  7). 

lliese  specimens  (Figs.  1  and  2,  sent  to  me  about  1884)  oecur  in 
a  brownish  sandy  (Middle-Purbeck)  stone,  a  little  above  the  top 
"lias"  of  the  Purbeck  beds,  in  the  limestone-quarry,  at  Teffont- 
Ewyas ;  and  the  same  form  is  abundant  in  specimens  (sent  in 
November,  1888)  of  a  Cypridiferous  limestone  on  the  same  horizon, 
a  little  below  the  "Cinder,"  and  therefore  also  from  the  Middle 
Purbecks.  In  the  sandy  bed  fragmentary  twigs  of  a  Thuia  occur; 
and  in  the  limestone  Cypridea  punctata  is  plentiful,  with  Cyprione 
(probably  C,  Bristotoii  and  another),  and  Metacypris  (?).  This 
Estberian  limestone  was  from  a  small  quarry  on  the  railway  south 
of  the  River  Nadder,  at  Lower  Ohioksgrove,  about  two  miles  west 
of  the  Rectory  where  the  Rev.  W.  R.  Andrews  resides. 

2.  Lately  Mr.  Andrews  has  discovered  some  other  Estheria^  larger 
in  size,  and  with  a  different  ornamentation,  and  therefore  of  a 
distinct  species,  in  a  band  of  black  and  brown  shaly  clay,  with  the 
Middle- Purbeck  Cypridea  fasciculata,  five  feet  below  the  horizon  of 
the  Estheria  8td}quadrata  mentioned  above,  and  in  the  same  quarry 
as  that  in  which  the  specimens  shown  by  Figs.  1  and  2  were  touA.4« 
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EXPLANATION  OF  PLATE  XII. 

Fig.  1.  £*theria  tubquadrata  (Sow.).    Internal  oast  of  a  right  Talre;  not  qnilB 

perfect ;   x  6  diam. 
2.  a,   Right  ralve  of  the  yonng  form  or  variety;     x  6  dim. 

b.  Interstitial  ornament ;  x  60  diam.  Figs.  1  and  2  from  tiie 

Vale  of  Wardour. 
8.  Ettheria  Ltmtii,  Bp.  noT.     a.  Internal  cast  of   a  right  yalire,  rither 

compressed ;    X  6  diam.    6,  Imperfect  traces  of  intanlitial 

ornament ;  x  70  diam.    From  Pennsylvania. 

4.  Estheria  minuta  (Alb.).     I^eft  valve ;   X  6  diam. 

5.  Eight  valve  of  an  individual  with  nomeroos  lines  of  growth; 

X  6  diam. 

6.  Eight  valve  of  the  small  variety  Brodieana ;    X  6  diam.    Figi. 

4,  6,  and  6,  from  the  Trias  at  Fulda,  Hessen-CasseL 

7.  Left  valve  of  a  small  or  young  individual ;   X  6  diam.     From  ths 

Trias  of  Baden. 

8.  (E,  laxiUxta,  Sandb.).   a,  Left  valve  of  individual  with  nomerooi 

lines  of  growth;    X  6  diam.      &,  Interstitial  ornament  of 
another  specimen ;   x  50  diam.    From  the  Trias  of  Bavarii. 

9.  Esihtria  membranacem  (Pacht).     a,  Eight  valve  of  an  individual  of  tho 

lone  variety ;  x  6  diam.    bt  Interstitial  ornament  (unusmlly 
well  preserved) ;  X  60  diam.    From  the  Old  Eed  of  Orkney. 


U. — Yebtkbbati  Pal2bontology  in  some  American  and  Canadiav 

Museums. 

By  A.  Smith  Woodward,  F.G.S.,  F.Z.S., 

of  the  British  Museum  (Natural  History). 

IN  the  PalsDontology  of  the  Vertebrata,  so  much  has  been  accom- 
plished on  the  American  Continent  within  recent  years,  that 
any  European  interested  in  this  line  of  research  is  naturally  attracted 
to  the  Museums  and  collections  across  the  Atlantia  Among  others, 
the  writer  of  the  present  notes  has  at  vai-ious  times  been  desirous  of 
comparing  certain  American  and  Canadian  discoveries  with  those  now 
familiar  to  workers  in  the  Old  World ;  and  this  desire  having  lately 
been  gratified,  it  may  not  be  uninteresting  to  offer  a  few  remarks  on 
the  collections  of  extinct  Vertebrata  in  the  New  World,  viewed  from 
the  standpoint  of  one  who  has  had  the  privilege  of  visiting  many 
of  the  corresponding  collections  in  Europe. 

New  York. 

The  Geological  Museum  of  the  Columbia  College,  New  York,  due 
to  the  labours  of  the  present  Professor,  Dr.  J.  S.  Newberry,  comprises 
the  finest  collection  of  American  Palaeozoic  Fishes  hitherto  brought 
together.  The  Museum  occupies  the  upper  storey  of  the  new  School 
of  Mines,  and  is  thus  well  lighted  from  above  ;  while  the  cases  are 
small  and  conveniently  arranged  for  study.  The  lecture  room 
immediately  adjoins,  and  the  only  inconvenience  is  the  close 
proximity  of  the  railroad — a  much  more  noisy  neighbour  than  its 
English  counterpart.  The  large  majority  of  American  Palaeozoic 
Fish-remains  (except  Selachian  teeth)  having  been  made  known  in 
the  works  of  Dr.  Newberry,  the  collection  is  especially  rich  in  type- 
specimens  ;  and  the  fine  case  of  Dinichihya  with  its  allies,  well 
mounted  for  exhibition,  is  a  display  such  as  none  of  the  well-known 
Scottish  series  of  Placoderm  fishes  can  equal.     The  collection  is  still 
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being  rapidly  augmented,  and  all  the  more  important  of  the  latest 
acqaisitions  are  described  in  Dr.  Newberry's  new  volame  just  issued 
by  the  U.  S.  Geological  Survey. 

The  bones  of  Dinichthya  and  its  allied  genera  usually  occur  in  a 
black  shaly  matrix,  from  which  they  can  be  completely  extricated ; 
and  they  are  often  associated  in  natural  groups,  the  plates  of  a  single 
individual  being  met  with  together,  though  difficult  to  disinter  intact 
on  account  of  their  huge  dimensions.  To  one  accustomed  to  the 
skeleton  of  the  common  Coecostevs,  the  remains  of  the  American  fish 
appear  as  magnified  representatives  of  familiar  bones;  and  other 
equally  gigantic  modifications  of  the  same  type  have  lately  been 
named  Traehosieus  and  Tilanichihys. 

Next  to  the  Placoderm  Fishes,  the  most  striking  of  recent  acqui- 
sitions are  nearly  complete  examples  of  one  of  the  Carboniferous 
sharks  whose  teeth  have  long  been  known  under  the  name  of  Clado" 
du8.  Though  showing  some  remarkable  features, — such  as  a  ring 
of  circumorbital  plates,  abbreviate  pectoral  fins,  and  a  diphy cereal 
tail  with  a  pair  of  great  horizontal  expansions  of  integument  at  its 
base, — the  fish  invariably  rests  upon  its  back  (having  been  round- 
bodied),  and  thus  gives  no  clue  to  one  interesting  character,  t.e,  the 
presence  or  absence  of  dorsal  fin-spines.  Among  other  unique  types 
is  the  Devonian  Onychodus,  with  the  strange  coil  of  spike-like  teeth 
undoubtedly  fixed  in  front  of  its  lower  jaw ;  and  all  the  bones  of 
this  fish  are  so  remarkably  scattered  that  it  is  still  difficult  to  form 
any  conclusion  as  to  its  affinities.  Numerous  jaws  of  Devonian 
Chimseroids,  the  spines  of  Machoeracanihis,  and  various  remains  of 
small  Placoderms  are  also  almost  unique ;  and  among  the  Carbon- 
iferous Limestone  fossils  are  numerous  types  of  Selachian  spines 
and  teeth.  Of  the  latter,  the  great  teeth  named  Archaobatis  are 
perhaps  most  conspicuous  ;  and  these,  it  will  be  observed,  differ  in 
no  respects  from  the  British  teeth  assigned  to  Psammodus,  except 
in  the  coarser  nature  of  their  coronal  ornament.  A  large  series  of 
Coelacanth,  PalaBoniscid,  and  other  fishes,  with  several  Amphibia, 
from  the  Coal-measures  of  Ohio,  forms  the  type  collection  described 
by  Profs.  Newberry  and  Cope  in  the  Reports  of  the  Geological  Survey 
of  Ohio.  Still  higher  in  the  geological  scale,  another  fine  collection 
of  fishes  illustrates  the  American  Trias ;  and  this,  again,  has  been 
made  available  for  reference  by  the  Professor's  well -illustrated 
volume  published  by  the  U.  S.  Geol.  Survey  in  1888.  Many  of 
these  specimens  were  obtained  from  an  excavation  specially  made 
at  Boonton,  New  Jersey,  which  not  only  enriched  the  Museum  with 
mateiial,  but  added  greatly  to  previous  knowledge  of  the  fish-fauna 
in  question. 

I'he  American  Museum  of  Natural  History,  in  the  Central  Park, 
though  as  yet  insignificant  when  compared  with  the  plan  for  its 
completion,  already  comprises  fine,  lofty  exhibition  galleries  and 
work-rooms,  and,  in  addition,  is  provided  with  the  largest  and  most 
completely  fitted  lecture  theatre  that  has  hitherto  been  built  in 
conjunction  with  an  institution  of  this  kind.  Each  spring  and 
autumn,  the  theatre  is  occupied  by  Prof.  Bickmore,  who  delivera 
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a  series  of  free  lectures,  illustrated  by  the  lantern,  to  the  Teachers 
of  the  Public  and  Normal  Schools  in  the  State  of  New  York.  The 
lantern  slides  are  largely  prepared  by  the  Museum,  and  the  syllabm 
comprises  not  only  pure  Natural  History,  but  also  subjeds  in 
Geography.  General  public  instruction  is  also  one  of  the  main 
objects  in  all  the  exhibition  galleries,  and  the  collection  is  displayed 
accordingly.  In  the  Geological  Department,  for  example,  under  the 
charge  of  Prof.  R.  P.  Whitfield,  a  series  of  table-cases  is  exclusively 
devoted  to  the  illustration  of  Dana's  well-known  Manual,  of  whioh 
a  copy  is  kept  for  the  use  of  visitors.  At  the  same  time,  the 
Naturalist  is  not  forgotten,  and  there  is  probably  no  Museum 
of  equally  recent  foundation  that  possesses  a  more  representative 
collection  or  more  valuable  type-specimens.  Among  Vertebrates, 
the  Mastodon  and  Irish  Deer  form  conspicuous  centre-stands ;  bat 
the  other  remains  are  comparatively  small  and  scattered  throngh 
the  collection,  which  is  arranged  stratigraphically  as  a  whole,  with 
zoological  divisions  in  each  of  the  various  stages.  The  principal 
series  of  types  was  obtained  from  the  James  Hall  Collection,  which 
comprises  many  Mammalian  remains  from  the  Tertiary  Formations 
of  the  West,  and  numerous  examples  of  American  Devonian  Fishes. 
The  former  are  described  in  Prof.  Leidy's  "Extinct  Mammalian 
Fauna  of  Dakota  and  Nebraska  " ;  while  the  latter  have  been  studied 
by  Prof.  Newberry,  and  employed  in  various  publications.  The 
type  specimen  of  Sauripteris  made  known  by  Prof.  Hall,  from  the 
Catskill  Group,  is  one  of  the  most  conspicuous  of  the  ichthyolitest 
and  doubtless  pertains  to  the  family  recognized  in  Britain  under  the 
name  of  Khizodontidse ;  while  another  unique  fossil  is  a  cranial 
shield  of  the  Placoderm  AaterosteuSf  showing  the  laterally  placed 
orbits,  large  narial  openings,  and  a  pineal  foramen. 

Pbikoeton. 

The  collection  of  extinct  Mammalia  in  the  University  of  Princeton, 
New  Jersey,  has  become  well  known  through  the  researches  of 
Professors  Scott  and  Osborn,  and  is  beautifully  mounted  and  labelled 
in  the  E.  M.  Museum  ("  E.  M."  being  the  initials  of  a  benefactress). 
The  larger  and  more  prominent  specimens  are  placed  on  a  central 
platform ;  while  the  smaller  and  more  delicate  objects  are  arranged 
in  an  adjoining  series  of  wall-cases.  Conspicuous  among  the  large 
specimens,  is  the  complete  skeleton  of  a  remarkable  Deer,  from  the 
Pleistocene  of  New  Jersey,  intermediate  between  the  true  Cervus  and 
Alces,  and  described  by  Prof.  Scott  under  the  name  of  Cervalces 
Americanus,  Accompanying  this  are  two  fine  skulls  and  the  greater 
portion  of  the  fore-  and  hind-limbs  of  Uiniaiherium^  from  the  Bridger 
Eocene  of  Wyoming;  the  shell  of  a  large  Tortoise  {Hadrianns 
CoTBoni)  also  from  the  Bridger  Eocene  of  Wyoming  ;  and  an  Ameri- 
can Mastodon,  besides  a  French  Cave  Bear  and  an  Irish  Deer.  An 
unique  skeleton  of  the  Creodont  Mesonyx,  described  by  Prof.  Scott, 
is  shortly  to  be  mounted  and  added  to  the  exhibition  series  from  the 
Bridger  Eocene,  which  is  especially  well  represented  in  all  groups. 
A  goodly  number  of  the  well-known  fishes  of  the  Green  Biver  Shales 
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18  also  exhibited ;  and  the  oollection  of  typical  European  fossils 
(chiefly  due  to  Prof.  Henry  A.  Ward,  of  Bochester)  is  especially 
complete,  affording  valuable  material  for  comparison.  The  Professors 
at  the  present  time  are  extending  their  researches  to  the  fossil 
Mammalian  collection  of  the  Agassiz  Museum,  Cambridge,  placed 
at  their  disposal  by  Prof.  Alexander  Agassiz ;  and  portions  of  the 
results  of  their  researches  have  already  appeared  in  the  Cambridge 
Bulletins. 

Philadblphu. 

Two  centres  of  attraction  to  the  Vertebrate  Palaeontologist  exist 
in  Philadelphia — the  Museum  of  the  Academy  of  Sciences,  and  the 
private  collection  of  Prof.  E.  D.  Cope.  Neither  of  these  collections 
is  at  present  displayed  to  good  advantage,  but  there  is  a  prospect 
shortly  of  both  being  accommodated  with  convenient  rooms  and  cases. 
The  foundations  of  the  new  Museum  at  the  Academy  are  already 
laid;  and  the  Pennsylvanian  University  is  preparing  adequate 
accommodation  for  the  collection  of  Prof.  Cope,  who  has  lately  been 
appointed  to  its  Chair  of  Geology. 

The  gem  of  the  Academy  Collection  is  the  original  specimen  of 
Dromatherium  sylveatresi  mandibular  ramus  in  black  coaly  matrix 
from  the  Trias  of  Chatham  Co.,  N.C.  Its  parts  are  as  distinctly 
shown  as  in  any  of  the  Mesozoic  mammalian  jaws  from  England. 
Another  unique  specimen  is  the  head  of  the  Cretaceous  Crocodile  of 
New  Jersey,  Thoracosnurus  neocaaartensts.  This  is  also  well  pre- 
served and  shows  most  distinctly  the  true  antorbital  vacuities 
(described  by  Prof.  Leidy),  which  some  would  erroneously  explain 
as  mere  fractures.  The  Cretaceous  Dinosaur,  Hadrottaurua,  is  repre- 
sented by  the  fine  series  of  bones  upon  which  Prof.  Leidy  originally 
founded  the  genus;  but  these  are  not  shown  to  advantage  in 
Waterhouse  Hawkins*  plaster  restoration,  which  still  survives,  with 
the  exception  of  the  pelvis.  The  earliest  series  of  fish-remains  from 
the  American  Devonian  and  Carboniferous,  described  by  Prof.  Leidy, 
occupies  part  of  one  of  the  wall -cases,  and  comprises  many  in- 
teresting fragments;  while  most  of  the  teeth  and  scales  from  the 
Cretaceous  of  New  Jersey  and  the  Phosphate  Beds  of  South  Carolina, 
made  known  in  the  same  Professor's  well-known  memoirs,  are 
arranged  on  adjoining  shelves.  A  very  large  number  of  Tertiary 
Mammalian  remains,  including,  among  others,  the  type-specimens 
of  MegalonyXj  are  placed  in  other  cases;  and  Prof.  Leidy  is  at 
present  resuming  the  early  researches  to  which  these  specimens 
bear  witness,  by  investigating  a  large  collection  of  Mammalian 
bones  lately  brought  by  Mr.  Joseph  Willcox  from  Florida.  The 
collection  of  British  Fossils  is  extensive  and  affords  useful  material 
for  comparison,  having  been  acquired  by  the  Academy  from  Dr.  T.  B. 
Wilson.  There  are  many  interesting  Old  Red  Sandstone  fishes  from 
Cromarty  bearing  Hugh  Miller's  autograph  labels;  several  Wealden 
bones  labelled  by  Dr.  Mantell ;  a  good  representation  of  the  English 
Lias ;  and  a  few  examples  of  the  Bristol  Dolomitio  Conglomerate 
with  the  remarkable  Triassic  reptilian  bones. 

The  greater  portion  of  Prof.  Cope's  collection  at  present  oooa^vQi^ 
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the  rooms  of  a  private  hoose,  while  many  of  the  larger  apeotmeiii 
are  stowed  away  in  the  basement  of  one  of  the  pablic  mosemnii 
The  lower  room  is  the  only  one  in  which  there  is  any  attempt  it 
display,  such  as  would  interest  an  ordinary  visitor ;  but  the  apart- 
ments are  fitted  with  shelves  and  drawers,  where  nearly  all  the 
specimens  are  placed  in  small  boxes  for  convenient  leferenoe. 
When  it  is  remembered  that  the  large  majority  of  the  type-specimens 
described  by  the  Professor  are  comprised  in  the  collection,  its 
richness  will  at  once  be  understood  ;  and  the  fossils  are  accompanied 
by  a  large  number  of  recent  zoological  preparations,  notably  the 
Hyrtl  Collection  of  fish-skeletons.  In  the  exhibited  seriea,  the  well- 
known  skeleton  of  Phenacodus,  the  skulls  of  primitive  Rhinoceroses, 
Camels,  and  other  Mammalian  bones  are  conspicuous ;  while  the 
huge  vertebrae  and  limbs  of  Camarasavrms,  some  Mosasaurian  remaini, 
etc.,  represent  the  Keptilia.  The  collection  of  Permian  Amphibii, 
Reptilia,  and  Pisces  from  Texas,  is  unique;  and  the  remarkable 
preservation  of  the  skeletons  in  the  red  sandy  matrix  enables  all  the 
varied  anatomical  points  made  known  by  Prof.  Cope  to  be  clearly 
observed.  The  writer  was  especially  interested  in  the  skulls  of  the 
Ichthyotomous  Elasmobranch  <*  Didymodus,**  which  certainly  exhibit 
with  distinctness  the  extraordinary  fissuring  of  the  chondro-cranium 
as  described  ;  though,  in  the  strict  sense  of  the  term,  is  it  scarcely 
accurate  to  name  the  segmented  parts  '*  bones  *'  ?  Ptyonodvs  is  also 
worthy  of  note  as  being  founded  upon  teeth  ideutical  with  those 
lately  named  Hemicienodus  in  Britain.  The  American  Cretaceous 
collection  is  especially  rich  in  Reptilia  and  Pisces,  both  from  the 
adjoining  State  of  New  Jersey,  and  from  the  distant  territories  of  the 
West  One  small  series  of  fossil  fishes,  from  the  Niobrara  Beds  of 
Dakota  (described  in  Bull.  U.S.  Geol.  Surv.,  vol.  iv.  No.  1),  is 
contained  in  matrix  identical  in  every  respect  with  that  of  Sahel 
Alma,  Mount  Lebanon,  and  is  of  especial  interest  as  comprising 
the  same  group  of  generic  types  as  is  now  well  known  from  the 
Asiatic  locality.  The  Chimieroid  teeth  from  the  Greensand  of  New 
Jersey  are  also  conspicuous,  and  would,  in  Britain,  be  nearly  all 
referred  to  the  genus  Edaphodon,  ITie  North  American  collection 
is  supplemented  by  a  large  series  of  (supposed)  Cretaceous  fish-  and 
crocodilian-remains  from  Brazil,  chiefly  discovered  by  Mr.  Joseph 
Mawson,  F.G.S. ;  and  among  these  may  be  noted  a  representative  of 
the  European  and  Asiatic  Upper  Cretaceous  genus  Palaobalistwn 
(PycnoduB  fiahellaius,  Cope),  besides  the  well-preserved  Atutdopogon 
tmuidens  from  Ceara,  which  is  identical  with  the  fish  beiEtring 
Agassiz'  MS.  name  of  Cladocydus  Gardneri,  Among  earlier  Palsao- 
zoic  fishes,  the  fine  type-specimen  of  Macropetalichthye  is  also  here, 
and  much  new  information  as  to  the  characters  of  this  remarkable 
shield  will  shortly  be  published  by  Professor  Cope,  who  has  lately 
been  occupied  in  the  study  of  the  primitive  group  to  which  it  is 
referred.  Still  more  interesting,  perhaps,  is  the  type  of  the 
Carboniferous  shielded  organism,  named  MycUrops,  which  tbe 
Professor  has  naturally  regarded  as  most  difficult  of  interpretation, 
if  truly  one  of  the  Chordata,  as  he  originally  supposed.     The  present 
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writer's  somewhat  extensive  examination  of  Pteraspidian  and  other 
early  Chordate  types  in  Britain,  Svireden,  Bussia,  and  Germany, 
has  led  him  to  the  oonclusion  that  Mycteropt  is  certainly  not  related 
to  any  of  these  forms,  but  is  truly  an  Eurypterid,  with  which  the 
texture  and  superficial  aspect  of  the  specimen  agree  precisely.  This 
determination,  it  may  be  added,  is  also  adopted  by  Dr.  R.  H.  Traquair, 
who  informs  the  writer  that  he  had  already  suspected  some  such 
affinity  from  a  study  of  the  published  figure  and  description.  Space 
prevents  any  adequate  notice  of  the  superb  series  of  Tertiary  Mam- 
malian remains,  of  which  the  figures  are  now  familiar  to  most 
paleeontologists ;  and  it  is  to  be  hoped  that  ere  long  these  will  be 
provided  with  the  suitable  mountings  and  cases  that  their  delioate 
state  of  preservation  demands. 

(To  be  concluded  in  our  next  Number.) 


III. — NOTK    ON    THE    DENUDATION    AND    ELEVATION   Or   THE   WsALD. 

By  Ho&ACB  W.  MoNOKTON,  F.G.S., 
of  the  Inner  Temple. 

IT  is,  I  think,  practically  admitted  that  the  present  condition  of 
the  Weald  is  the  result,  firstly  of  marine,  and  secondly  of  sub- 
aerial  denudation.  A  plain  of  marine  denudation  was  first  formed, 
and  the  valleys  were  carved  out  by  subaerial  action. 

As  the  Weald  at  present  exists,  we  find  the  lower  beds  swelling 
up  in  the  centre  of  the  area  from  beneath  the  newer  ones  which  lie 
around,  and  we  also  find  that  certain  of  these  older  beds  are  thickest 
in  the  centre,  and  gradually  thin  out  towards  the  north,  and  probably 
also  towards  the  south.  Tlie  older  beds  in  the  centre  are  thus  at 
a  higher  level  above  the  sea  than  the  newer  ones  around  them.  It 
has  been  suggested  (Topley,  Q.J.G.S.  vol.  xxx.  p.  186)  that  the  height 
of  the  lower  beds  in  the  centre  may  be  due  to  the  manner  in  which 
they  were  deposited,  rather  than  to  an  excess  of  upheaval  in  the 
centre  of  the  area ;  but  this  can  scarcely  be  so,  I  think  :  for  it  seems 
hard  to  imagine  a  series  of  successive  beds  deposited  most  thickly 
one  after  another  on  the  same  si)ot,  thus  forming  a  high  mound — 
the  tendency  of  deposition  being  to  fill  up  hollows,  not  to  increase 
the  height  of  hills. 

If,  however,  we  assume  that  the  excess  of  deposition  was  the 
result  of  and  coincided  with  an  excess  of  depression,  the  matter 
becomes  simple.  Thus,  from  some  undetermined  period  until  the 
formation  of  the  Ganlt,  the  south-east  of  England  was  an  area  of 
depression,  and  the  progress  of  depression  was  more  rapid  upon  the 
east  and  west  line  which  now  forms  the  anticlinal  of  the  Weald  than 
either  to  the  north  or  to  the  south  of  it.  If  my  readers  will  turn  to 
Mr.  Topley's  diagrammatic  section,  plate  vi.  p.  242  of  his  memoir 
on  the  Weald,  they  will  see  that  depression  was  more  rapid  under 
Crowborough  Beacon  than  under  London ;  and  as  deposition  always 
attempts  to  fill  up  hollows,  the  rate  of  deposition  was  higher  and  the 
beds  thicker  in  the  former  than  in  the  latter  locality.     This  was 
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clearly  the  case  during  the  period  from  the  beginning  of  the  Porbeek 
to  the  end  of  the  Lower  Greensand. 

Since  that  time  a  change  in  the  earth  movement  of  this  area  has 
taken  place ;  for  the  line,  which  was  then  a  line  of  excess  of  depret- 
sion,  has  since  become  a  line  of  excess  of  elevation  forming  the  great 
anticlinal  of  the  Weald ;  and  it  is  clear  that  when  the  excess  of 
depression  on  this  line  ceased,  deposition  would  tend  to  become  mora 
nnifomi  over  the  whole  area ;  and  when  the  line  began  to  rise,  depo- 
sition would  be  less  over  it  than  over  the  adjoining  areas  whick 
wei-e  stationary  or  rising  more  slowly. 

The  great  regularity  in  the  thickness  of  the  Ganlt  on  the  north 
and  south  of  the  Weald  leads  me  to  suspect  that  the  excess  of 
depression  of  the  central  area  oecised  during  the  Gault  period  ;  and  it 
is  quite  possible  that  if  that  area  was  beginning  to  rise  during  the 
Chalk  and  Tertiary  periods,  little  or  no  Chalk  or  Tertiary  beds  were 
ever  deposited  there;  and  I  look  with  suspicion  on  any  estimate  of 
the  original  height  of  the  Wealden  anticlinal  founded  on  the  assumed 
regularity  of  deposition  over  the  whole  area. 

I  thus  reach  the  period  when  the  elevation  of  the  south-east  of 
England  began,  and  proceeded  at  a  rate  varying  greatly  in  different 
places,  thus  forming  the  anticlinal  of  the  Weald.  At  this  point 
I  am  in  conflict  with  the  views  of  previous  writers  as  to  the 
formation  of  a  plain  of  marine  denudation.  As  I  understand  them, 
they  contend  that  the  plain  was  formed  by  the  advance  of  the  sea 
across  the  area  "  so  as  to  shave  it  across."  I  doubt  this.  I  believe 
the  plain  was  formed  during  the  retreat  of  the  sea,  that  is  to  say, 
during  the  struggle  of  the  land  and  water  for  mastery. 

If  I  am  right,  the  central  portion  of  the  area  which  was  being 
elevated  the  more  rapidly  first  reached  the  surface  of  the  sea,  and 
on  reaching  the  surface  was  at  once  destroyed  by  the  waves ;  but  as 
time  went  on,  and  the  area  of  elevation  gradually  extended,  a  larger 
and  larger  surface  of  the  sea-bottom  was  brought  in  conflict  with 
the  waves,  and  it  is  not  hard  to  picture  to  oneself  the  progress  of 
the  conflict  and  the  final  victory  of  the  earth  over  the  water.  When 
the  Wealden  area,  therefore,  first  rose  above  the  sea,  it  presented, 
according  to  my  theory,  an  extensive  sandy  flat ;  and  as  it  emerged, 
subaerial  denudation  set  in,  which  has  gradually  produced  the  pre- 
sent surface  of  the  country. 

In  a  well-known  text- book  the  general  effect  of  a  partial  sub- 
mergence of  the  Weald  is  represented  by  a  straight  line  parallel  to 
sea-level :  but.  if  I  am  correct,  this  is  probably  inaccurate  :  for  if  the 
area  rises  and  falls  at  a  rate  varying  in  different  parts,  the  effect  of 
submergence  would  be  represented  by  a  curved  line. 

It  is  quite  true  that  large  areas  may  be  elevated  or  depressed 
without  losing  their  horizon tality.  Acconling  to  Sir  C.  Lyell,  the 
primary  rocks  remain  horizontal  over  thousands  of  square  leagues 
in  America  and  Russia,  in  spite  of  great  oscillations  of  level  (Antiq. 
of  Man,  1873,  p.  396).  But  any  given  area  must  be  judged  by  the 
evidence  applicable  to  itself,  and  there  is  plenty  of  evidence  that  the 
South  of  England  has  been  subject  to  differential  earth  movements 
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at  various  times.  Thus  the  Chalk  of  the  Hog's  Back  and  Culver 
Cliffs  was  placed  at  its  present  angle  by  differential  elevation  during 
post-Bagshot  times.  The  occurrenoe  of  Crag  at  Lenham  seems  to 
show  that  that  portion  of  the  country  was  submerged  when  the  west 
was  dry  land.  According  to  Prof.  Prestwioh,  the  old  beach  which 
is  8  to  12  feet  above  the  sea  at  Brighton  rises  to  100  feet  near 
Arundel,  to  130  feet  near  Chichester,  and  to  140  feet  at  Bourne 
Common,  and  then  falls  to  125  feet  above  the  sea  at  Portsdown  Hill 
(Q.J.G.S.  vol.  xxviii.  p.  38,  Topley,  Weald,  p.  286) ;  and  if  this  is  so, 
we  have  not  only  evidence  of  differential  elevation,  but  of  elevation 
in  a  curve  instead  of  a  straight  line. 

My  conclusions  are  : — 

1. — That  during  the  deposition  of  the  Wealden  and  Neooomian 
beds  in  the  south-east  of  England,  the  area  was  one  of  depression, 
that  the  rate  of  depression  of  the  centre  was  in  excess  of  that  of  the 
surrounding  area,  thus  causing  the  thickening  of  the  beds  towards 
the  centre. 

2. — That  upon  the  area  becoming  one  of  elevation,  the  elevation 
was  most  rapid  in  the  centre. 

3 — That  a  large  portion  of  the  beds  were  removed  by  marine 
denudation  as  they  rose  out  of  the  sea,  a  large  sandy  plain  thus  being 
formed  ;  and  that  the  plain  of  marine  denudation  spoken  of  by  authors 
was  not  due  to  the  advance  of  the  sea  over  land. 

Note, — Since  this  was  written  Prof.  Prestwich's  papers  on  the 
Westleton  Beds  have  been  published.  He  appears  to  attribute  more 
of  the  denudation  of  the  Wealden  area  to  subaerial  agencies  than 
former  authors. — H.  W.  M. 


IV. — Tertiary  and  Post-tkrtiaby  Stratigraphy. 

By  Thos.  R.  Struthbrs. 
Hon.  Assoc,  and  late  Vice-President,  Geological  Society  of  Glasgow. 

AS  a  basis  for  the  following  observations  on  the  classification  of 
Tertiary  and  Post-tertiary  strata,  we  submit  a  comparative  view 
of  the  nomenclature  adopted  by  various  authors. 


Lyell. 


Dr.  Hull. 


Post-       1  Recent 
tertiary,  i  2  Post-pliocene 


1  Recent 

2  Post- glacial 


Tertiary 


3  Newer  Pliocene 

4  Older  Pliocene 

5  Miocene 

6  (Oligocene) 

7  Eocene 


3  Post-pliocen« 

4  Pliocene 

5  Miocene 

6  Oligocene 

7  Eocene 


Prof.  Geikie. 


1  Recent 

2  Post-glacial 

3  Pleistocene 


4  Pliocene 

5  Miocene 

6  Oligocene 

7  Eocene 


J.  B.  Jnkes.     Prof.  Prestwich. 


z  Recent  '  i  Recent 

2, 3  Pleistocene   2, 3  Pleistocene 


4  Pliocene 

5  Miocene 

o  (Oligocene) 
7  Eocene 


4  Pliocene 

5  Miocene 

6  Oligocene 

7  Eocene 


NoTB. — The  aegregation  of  the  Oligocene  from  the  Eocene  had  not  been  effected  when 
Lyell  and  Jukee  wrote. 

From  the  above  table  it  will  be  noticed  that  Lyell  and  Hull 
assign  the  Glacial  period — called  by  the  former  "  Newer  Pliocene," 
and  by  the  latter  "  Post-pliocene " — to  Tertiary  or  pre-human 
time;   and  the  first  appearance  of  Man  in  Europe  to  the  period  of 
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elevation  which  followed  the  mibmergenoe  at  the  cloee  of  the  Gmt 
Ice  Age,  when  the  climatic  conditions  and  the  adaptations  of  organio 
nature  were  becoming  more  and  more  favourable  to  the  existence 
and  welfare  of  the  human  species,  lliis  latter  period  is  called  by 
Sir  Charles  Lyell  Post-pliocene,  and  by  Dr.  Hull  Post-glacial 
Professor  Geikie,  of  the  Edinburgh  University,  also  uses  the  term 
Post-glacial  for  Lyell's  Post-pliocene ;  and  in  his  ''  Outlines  of 
Oeology  "  he  expresses  the  opinion  that  **  the  palaeolithic  inhabitants 
of  Europe  settled  in  that  continent  during  the  Glacial  period,  aod 
had  disappeared  before  the  advent  of  the  Post-glacial  and  Beoent 
period." 

In  his  admirable  ''Manual  of  Geology,"  Mr.  J.  Beete  Jukes,  for 
oonvenience,  embraces  the  Glacial  and  Post-glacial  under  one  head 
— Pleistocene — a  term  originally  employed  by  Lyell  to  indicate  the 
Glacial  period,  but  for  which  he  substituted  Newer  Pliocene, 
because  the  late  Professor  Edward  Forbes  had  used  PleistoooDe 
nearly  in  the  same  sense  as  that  in  which  he  (Lyell)  uses  Post- 
pliocene  in  his  ''  Antiquity  of  Man  "  (Introduction,  p.  6). 

Dr.  Hull  adopts  the  term  Post-pliocene  instead  of  Lyell's  Newer 
Pliocene  to  indicate  the  Glacial  period,  and  in  common  with  him 
places  it  in  the  Tertiary  division  of  strata,  while  Professor  Geikie 
and  Mr.  J.  B.  Jukes  tabulate  it  as  a  Post-tertiary  group  under  the 
designation  of  Pleistocene ;  the  latter  authority,  in  common  with 
Professor  Prestwioh,  including  the  Postpliooene  under  the  same 
head. 

We  prefer  to  follow  Jukes,  Hull,  and  Geikie  in  discarding  the 
term  Post-pliocene ;  and  instead  of  adopting  Post-glacial  as  an 
equivalent,  we  propose  to  8nb8titute  Pleistocene.  The  terminology 
we  suggest  will  be  made  plainer  by  reference  to  the  following  table : 


Epochs. 

Systems  or  Periods.             Groups  and  Sub-groups. 

Quaternary 

or 
Neozoic. 

Anthropozoic. 

1 

1.  Holocene    {p^'ehUt^rfc  (Neolitbic). 

2.  Pleistocene,        ,,        (Palaeolithic). 

Tertiary 

or 
Cainozoic. 

Megazoic. 

3.  Newer  Pliocene  (Glacial). 

4.  Older  Pliocene. 

5.  Miocene. 

6.  Oligocene. 

7.  Eocene. 

For  the  sake  of  phraseological  seqaence,  we  substitute  the  term 
Holocene  (all  recent)  for  the  incongruous  word  Recent;  and 
to  supply  the  want  of  terms  for  the  Tertiary  and  Post-tertiary 
systemSy  we  distinguish  the  former  as  Megazoic  (gigantic  life)  and 
the  latter  as  Anthropozoic  (human  life),  to  indicate  their  leading 
zoological  characteristics ;  and  the  substitution  of  Pleistocene  for 
Post-pliocene  or  Post-glacial  we  consider  an  improyement  upon 
the  nomenclature  yerbally,  without  detriment  to  its  descriptive 
applicability. 

The  term  Post-glacial,  as  formerly  designating  a  group,  might  be 


objected  to; 
cannot  be  <kii«rf 
genoe  of  tbe 
glaciers  exMC-rf 
British 
haman 
oonditions 
more    ee 
icebergs 
boalders 
even  in 

of  phenouMos  dwt  t&  imi  tijiwjxm  nf 
In  hmnan  bklcvjiaifr  reccnaetc 
modem  is  tbe  Icrtii  of  C 

boandsry  betw^sai  pMS  sbt  imuu  ja  T^  ftcvafi  rf 
which  marks  tke  ctmrnmrneaumx:  vi  a  ^ev  epoea  c€  tbe  Wv-ni^^ 
history,  diafiB^ns&M.  ia  ^KHnzxnaciiic  «f  tbc'  grrwia;  {SMRfic«n.-«  x^ 
strata,  as  Qvaseraarr.  aaiL  as  -m.  a>:AflcicaI  £r:frxi2K  X«c»:«C'  i»ev 
life) ;  for  caertaoaiT  ^  fm^mt»  ^  a  nBMud  bsc^  vw  aMoeiLuu: 
new  and  nnppmxidaLtee :  wiil-^  «i  T2«e  sazzte  rate  tbe  a&imal  aad 
vegetable  kingdcoM  -^  *m  T»sri5»i  ««efii  *f  »»w  sfMCKs  diiY«JT 
or  indirecllj  adapted  zr^  tit  w-feat«  c€  tb*  fcirmia  rve— canle«  aiii 
smaller  qnadnif^ds  f :  f :«-  fen.i  :r  dr^assrizar:.-© :  ^xJ  £ib<s  aci 
food  fowl  ft,  ediU*  frai%  rraft-osaHrvz  cra«>e«L.  aad  ber^itpe. 

The  term  Post-verdarj  it  also  tcipk^^d  to  embrace  the  Xeojtoic 
groups,  the  newer  btii.^  wmaMilT  called  Recent  and  the  older 
Post-pliooene,  terms  for  wiich  we  mbidraie  H..«]oc«*ne  and  PleisJo* 
cene  reapectivelv.  S>me  antiMr§  wc'iild  gTx?np  both  Teniarr  anti 
Post-tertiary  as  Caino^^ic — a  designarion  under  which  the  Teniary 
strata  alone  are  at  present  embraced ;  and  which  was  originallr 
adopted  by  Sir  Charles  Lyell  to  indicate  the  presence,  in  their  srrv*uj\*» 
of  mollosca  specifically  identical  with  thwe  now  living,  their  relative 
prevalence,  in  certain  localiries,  being  shown  by  the  terms  Klivni^ 
(a  few  recent) ;  than  Miocene  (fewer).  Pliocene  ^^more) :  and  its 
Pleistocene  (moat). 

Adopting  human  life  as  the  characteristic  feature  of  the  Po^t* 
tertiary  epoch,  we  accept  Lyell's  term  "  Newer  Pliocene  **  as 
descriptive  of  a  Tertiary  group  embracing  the  lower,  middle,  and 
upper  stages  of  the  Glaciid  period,  to  which  we  may  be  justitioil  in 
adding  a  fourth  or  drift  stage ;  for  the  close  of  the  Tertiary  ejHX^h 
appears  to  have  been  signalized  by  a  widespread  submergence  t^f  the 
ioe-clad  land  by  which  its  glacial  cover  was  floateil  off,  and  carried 
away  on  ocean  currents  to  drop  its  burden  of  clay  and  Ix^ulderH  at  a 
distance  from  their  parent  source.  It  is  more  than  pnU^Jiblo  tluU 
during  the  submergence  not  a  few  of  the  mountain  sumniiti)  of 
Britain  remained  above  sea- level  as  islets  shroudoil  in  snow  and  iiHS 
and  beset  with  drifting  floes  which  could  not  fail  to  imprint  traoos  of 
their  existence  upon  the  ancient  coast-line. 

The  record  of  the  Newer  Pliocene,  or  Glacial  ago,  howevor.  in 
involved  in  considerable  obscurity,  from  the  ciroumstauoo  that  both 
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in  its  earlier  and  later  stages  glacial  conditions  differing  in  intenatf 
affected  a  considerable  area  of  both  hemispheres,  a  temperate  period 
intervening.  The  method,  compass,  and  force  of  the  physical  agenti 
in  operation  during  each  of  its  stages  form  intricate  subjects  of 
investigation;  and  the  extent  to  which  the  processes  in  the  newer 
have  overlapped,  modified,  or  obliterated  the  geological  featorei 
of  the  older,  is  not  generally  agreed  on;  bat  mnch  may  be  learned  on 
the  subject  of  glacial  agency  from  Dr.  ArchilNild  (jeikie*8  '*  Scenery 
of  Scotland,"  and  Mr.  Jukes-Browne's  "Building  of  the  BritiBh 
Isles,"  recent  works  of  great  merit 

The  Quaternary  epoch  was  inaugurated  by  a  reelevation  of  land, 
which  appears  to  have  been  effected  by  a  series  of  sudden  and 
intermittent  movements ;  but  a  considerable  period  must  have  elapsed 
before  Europe  was  prepared  for  the  reception  of  its  first  human 
inhabitants ;  and  this,  so  far  as  that  Continent  is  concerned,  may  be 
regarded  as  a  transition  stage  between  Tertiary  and  Post-tertiaiy 
time ;  for  the  successive  phases  of  organic  and  inorganic  nature  at 
all  periods  of  the  earth's  geological  history  passed  from  cue  to 
the  other,  not  suddenly  and  completely,  but  with  the  gradual  change 
of  climatic  and  other  physical  conditions,  and  the  successive  extinc- 
tion of  organisms  characteristic  of  the  older,  and  the  gradual 
substitution  of  their  successors  in  the  newer  order  of  things. 

The  close  of  the  ''  drift "  introduces  us  into  what  Lyell  calls  the 
Post-pliocene  period,  but  which  we  denominate  Pleistocene,  when 
the  existing  terrestrial  areas  which  had  been  submerged  were 
developed  and  readjusted  by  repeated  upheavals  registered  by  a 
series  of  geological  landmarks  well  known  to  science,  every  successive 
elevation  increasing  the  extent  of  the  low,  fertile  land,  producing  an 
important  alteration  of  the  coast-line,  and  relatively  reducing  the 
area  under  glacial  conditions,  which  at  last  passed  away,  with  certain 
exceptions,  under  the  combined  influence  of  the  local  and  general 
physical  causes  by  which  climates  are  effected. 

Although  Man  found  his  way  into  Europe  long  before  it  had 
attained  its  present  development,  when  the  climate  was  more 
ungenial,  it  may  have  been  a  considerable  time  after  the  elevatory 
movement  began.  This  period  of  elevation,  in  the  course  of  which 
Man  made  his  appearance  in  Europe,  as  already  stated,  we  deno- 
minate Pleistocene,  as  equivalent  to  PoNt-pliocene,  and  Post-glacial, 
and  descriptive  of  the  oldest  group  of  the  Anthropozoic  system. 
This  base  line  for  the  human  period,  however,  must  be  understood 
as  provisional,  for  geological  authorities  differ  iu  opinion  as  to 
the  particular  stage  of  time  which  furnishes  the  earliest  proofs 
of  Man's  presence,  some  insisting  that  he  was  a  denizen  of 
Europe  during,  or  even  before,  the  Great  Ice  Age ;  but  the  evidence 
in  favour  of  this  opinion  is  not  so  satisfactory  as  could  be  desired,  and 
there  is  ample  room  for  additional  proof ;  so  that  in  the  meantime 
we  may  consider  the  question  whether  or  not  Man  existed  before, 
or  during,  the  Glacial  period  as  unsettled. 

In  the  Pleistocene  (Post- pliocene)  period  there  were  associated 
with   Man  in  Europe  certain  species  of  Tertiary  mammals  now 
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extinct,  while  others  of  Neozoic  origin,  now  living,  coexisted  with 
them ;  and  this  is  not  to  he  wondered  at,  for  in  the  more  ancient 
geological  systems  many  genera  and  species  ranged  from  the  older 
to  the  newer,  and  were  for  a  time  contemporary  with  more  recent 
forms  of  life.  In  the  newer  stage  of  the  Post-tertiary  epoch  (Bolocene) 
are  classed  the  deposits  in  which  no  extinct  species  have  been  found. 
This  group  is  divided  into  Historic  and  Pre-historic  sub-groups ;  and 
to  the  latter  belong  the  polished  implements  of  Neolithic  age,  while 
the  unpolished  weapons  belong  to  the  older  stage  of  Post-tertiary 
time  (Pleistocene)  known  also  as  the  Palsdolithio  or  ancient  stone 
period,  to  distinguish  it  from  the  Neolithic,  or  new  stone  period.  The 
more  recent  of  these  periods,  however,  may  be  divided  into  an 
older  and  a  newer  stage,  indicating  an  advance  in  culture,  as  illus- 
trated by  the  relics  found  on  the  shores  of  the  Danish  islands. 


V. — I'hb  Hooks  op  St.  Davids. 
By  Hbk&t  Hicks,  M.D.,  F.R.S.,  F.G.S. 

IN  a  characteristic  article  by  Prof.  Blake,  ''On  the  Base  of  the 
Sedimentary  Series  in  England  and  Wales,"  in  the  July  Number 
of  the  GxoLooicAL  Magazine,  amongst  other  erroneous  statements, 
there  is  one  which  I  must  beg  leave  to  correct.  At  page  310,  in 
referring  to  the  rocks  of  St.  Davids,  he  makes  the  following  state- 
ment :  "  While  accepting  the  later  petrological  descriptions  of  Dr. 
Hicks,  he  (Dr.  Geikie)  minimized  the  separation  between  this  [the 
Pebidian]  and  the  Cambrian  conglomerate,  and  challenged  Dr. 
Bicks  to  prove  his  statement  that  the  latter  is  chiefly  composed  of 
fragments  of  the  rock  on  which  it  lies.  This  Dr.  Hicks  has  never 
been  able  to  do,  seeing  that  the  most  marked  feature  of  the  con- 
glomerate is  that  it  is  not  composed  of  such  fragments ;  instead  of 
doing  so,  be  now  attempts  to  show  that  the  matrix  might  have  been 
derived  from  granitoid  rocks." 

One  would  never  have  supposed  that  any  geologist  who  had  made 
even  a  most  imperfect  examination  of  the  district,  and  had  but  a 
slight  acquaintance  with  the  literature  of  the  subject,  would  have 
ventured  to  make  such  a  reckless  assertion,  especially  after  the  pub- 
lished notes  by  such  eminent  petrologists  as  Prof.  Bonney  and  Mr. 
Davies  in  the  Q.J.G.S.  vols.  xl.  and  xlii.,  which  give  abundatnt 
examples  to  show  that  the  Cambrian  conglomerates  contain  fragments 
identical  with  the  rocks  underlying  them.  Moreover,  at  Kamsay 
Island,  Trefgarn,  and  elsewhere,  three-fourths  of  the  pebbles  in  the 
conglomerate  must  have  been  derived  from  the  rocks  immediately 
below.  In  the  Q.J.G.S.  vol.  xlii.  p.  368,  Prof.  Bonney  says,  "The 
sections  contain  numerous  fragments  of  felspar,  very  similar  to  that 
in  the  Dimetian ;  in  short,  they  present  every  appearance  of  an 
'arkose'  to  which  granitoid  rocks  have  largely  contributed.  Six 
out  of  the  seven  slides  include  well-marked  fnigments  of  granitoid 

rock In  all  respects  the  section  of  this  fragment  curiously 

resembles  the  slides  of  *  Dimetian '  rock."    Again,  al  ^^^  ^^*2»,V^  ^-^^'^^ 
the  foUowiDg  as  his  conclusions  :-^ 

DBCADE  in. VOL.    Til. — 50.  IX.  *i& 


402  jB.  Lt/dekker — Teeth  of  Hymnodon. 

**  A.  When  the  Chtnter*!  Seat  conglooMnite  was  Ibrmed  the  ioMvmxkg  roda  we 
andergoinjr  denudation : — 
(1^  Oranitoid  rocks,  identical  with  the  exiatinf  Dimetian. 
(2)  Trachytic  rocks,  among  which  were  probablj  tme  lara- flows. 
(8)  Qoartzites  and  schists,  the  latter  resembling  tfaoee  which  in  many  distridi 

occur  rather  high  in  the  Archean  series. 
(4)  Ordinary  sedimentary  rocks. 
Hence  there  was  in  this  district  a  series  of  rooks,  some  much  older  than  others, 
which  contributed  to  the  formation  of  the  Cambrian  conglomerate. 

B.  The  conglomerate  above  the  Tre^am  series  is  formed  from  rocks  which  oocvr 

in  the  latter. 

C.  The  peculiar  characteristics  distinctive  of  certain  members  of  the  Trefgsn 

series  had  been  assumed  by  them  when  the  conglomerate  was  formed. 

D.  Either  the  Dimetian  is  a  member  of  an  old  eneissoid  series  or,  if  it  is  the  core 

of  a  Tolcanic  group  from  which  the  trachytie  lavas  had  been  ejected,  thii 
had  been  laid  bare  by  denudation  before  the  Cambrian  eon^omerate  wsi 
formed.  Hence  in  either  case  both  the  Dimetian  and  the  felskones  sre 
Pre-CambriaD.** 

In  the  Q.J.G.S.  vol.  xl.  Mr.  T.  Davies,  in  addition  to  desoribing 
numerous  slides  prepared  from  pebbles  of  felsites,  quartz-felsites, 
basic  volcanio  rocks,  porcellanites,  etc.,  derived  from  the  Cambriaa 
Conglomerates  and  proved  to  be  identical  with  the  rocks  of  that 
character  in  the  Pebidian  series,  makes  the  following  statement, 
at  p.  555,  concerning  the  fragments  of  Dimetian  in  the  con- 
glomerate :  '*  The  view  that  the  Cambrian  conglomerate  of  St 
Davids  incloses  much  waterwom  debris  of  the  Dimetian  is,  I 
think,  fully  justified  by  the  evidence  now  adduced  from  the  examina- 
tion of  many  slides  of  this  rock,  few  of  which  have  failed  to  afford 
evidence  of  the  presence,  not  only  of  pebbles  of  a  rock,  which  under 
the  microscope  could  not  be  distinguished  from  it,  but  also  of  its 
individual  mineral  constituents.  The  slides  examined  and  described 
here  are  not  selected  ones,  but  have  been  taken  as  they  were  cut 
The  peculiar  quartz  of  the  Dimetian,  thronged  as  it  is  with  extremely 
minute  inclosures  other  than  fluid,  causing  its  well-known  dirty 
aspect,  is  abundant  The  felspars  of  both  rocks  are  of  the  same 
character  and  habit,  although  necessarily  more  fragmentary  in  the 
conglomerate.  Though  not  abundant,  they  are  there,  and  can  be 
most  distinctly  recognized.  In  some  cases  Uiey  are  not  more  altered 
than  in  the  Dimetian  ;  but  in  others  the  structure  has  entirely 
disappeared,  leaving  a  kaoline-like  mass  which  feebly  depolarizes 
light." 

I  may  add  that  I  am  quite  ready  to  submit  the  slides  on  which  the 
above  statements  were  founded,  along  with  others  since  prepared,  if 
possible  containing  still  more  conclusive  evidence,  to  any  unbiassed 
petrologist. 

VI. — Note  on  obrtain  Teeth  refbbrbd  to  HrjBSODoy  indicus. 

By  R.  Ltdbkkbr,  B.A.,  F.G.S.,  F.Z.S.,  etc 

IN  the  " PalsBontologia  Indica,"  ser.  10,  vol.  ii.  p.  349,  fig.  21, 1 
described  and  figured  a  lower  premolar  from  the  Siwaliks  of 
the  Punjab,  under  the  name  of  Hyanodon  indicus ;  the  figure  being 
reproduced  in  the  accompanying  woodcut  (Fig.  1). 


lUv.  Dr.  Irving— Elevalion  <(f  the  Weald.  403 

On  the  same  and  following  pages  I  dewribed  two  other  teeth 
(figured  in  plate  xliii.  figa.  6,  6  of  the  aame  memoir),  which  were 


FiO,  1. — Tnaift  left  >  lowsr  premoUr  of  SfmtieJori  mdiau.     \. 

Tegarded  as  lower  molars  of  a  Carnivore.     It  was  sn^ested  that 

these    teeth   might   belong   to    Syeenodon  miietu,   in  which  event 

that  species  would  have  to  be  transferred  to 

another  genus.     Subsequently,  in  the  "  Oat. 

Fobs.  Mamm.  Brit.  Hub.,"  pt  1,  p.  32,  fig.  2, 

1  described  and  figured  an  imperfect  tooth 

from  the  Qnercy  Phosphcritea  very  similar 

to  the  problematical  Indian  teeth,  and  which 
was  considered  to  indicate  an  allied  form. 

Subsequent  observations  (for  which  I  am 
indebted  to  a  friend)  have  shown  that  I 
was  totally  mistaken  in  regard  to  the  nature 
of  these  teeth.  They  are  really  imperfect 
upper  carnassiale  of  extinct  Dogs,  in  which 
the  inner  tubercle  has  been  broken  away,  and 
which  I  have  figured  the  wrong  way  np-  Fio.  2.— Inner  and  oral  Tiem 
wanU.  This  will  be  apparent  from  Fig.  2,  of  tha  imperfect  right  upper 
which  is  a  reproduction  of  the  figure  of  the  ^[J^  "J  ^•'P'>''»'* 
Queroy  tooth  now  turned  the  right  way  up-  *■"* 
wards.  The  Qnercy  specimen  belongs  to  Anphieyon  amhigutu, 
while  the  Indian  teeth  may  be  referred  to  A.  palaindieut. 

Finally,  it  may  be  well  to  mention  that  I  see  no  reason  to  alter 
my  opinion  that  the  type  of  Byanodon  indieut  (Fig.  1)  indicates  a 
Creodont  either  generically  identical  with  or  very  closely  allied  to 
the  Eocene  species  of  Eymnodon. 

Vir. — NoTK  OS  THE  Elevation  or  tbk  Ws*ld. 

BythoEoY.  A.  IttTiKo,  D.Sc.  (Lond.),  F.G.S.; 

of  'Wellington  College,  Serks. 

FW  students  of  Geology  can  doubt  that  the  elevation  of  the 
Weald  has  been  the  most  important  factor  concerned  in 
determining  the  present  surface- geology  of  the  south-east  of 
England.  It  has  been  constantly  before  my  own  mind  in  all  my 
itudies  of  Tertiary  Geology  for  the  last  ten  years,  as  the  problem  to 
the  solution  of  which  many  other  preliminary  questions  required 
'  Id  the  original  flgote  it  is  wrongly  described  ai  of  the  li^^A  itAa. 
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answers.  In  my  first  paper  ^  on  Tertiary  Geology,  read  before  tb 
Geologists'  Association  in  1883,  I  pointed  out  that  the  presence  of 
Eocene  pebble-beds  in  the  Woolwich  and  Beading  series  and  in  the 
Bagshot  series  afforded  strong  evidence  of  the  encroachment  of  the 
sea  upon  the  Upper  Chalk  in  Eocene  times.  This  conclusion  ii 
accepted  by  our  greatest  authority  on  Tertiary  Geology,  Frot 
Prestwich. '  The  fact  alone  furnishes  a  strong  presumption  tint 
the  elevation  of  the  Weald  had  commenced  before  the  close  of  tbs 
Eocene  period  ;  while  the  many  outliers  of  the  Woolwich  and 
Beading  beds  at  high  altitudes  on  the  N.  Downs,  taken  along  wifli 
the  general  absence  of  the  London  Clay  there,  seems  to  tell  us  that 
the  initial  elevation  of  the  Weald  hill-range  had  gone  far  enough 
for  this  to  foim  a  shore  to  the  area  of  deposition  of  the  London 
Clay.  I  have  shown  further,  in  a  former  volume  of  the  Oiol 
Mao.,'  that,  though  there  is  no  absolute  proof,  there  are  groundi 
for  believing,  that  certain  outliers  of  sands  on  the  N.  Downs  (at 
Chipstead,  Headley,  and  north  of  Netley  Heath)  are  more  likely  to 
turn  out  to  be  of  Upper  Eocene  age,  than  of  any  age  to  which  thej 
had  been  hitherto  assigned  by  dififerent  writers.  There  is  here  the 
strong  presumptive  evidence  of  the  lithological  similarity  to  the 
Ui^per  Bagshot,  in  most  cases  amounting  almost  to  identity.  In 
the  Head  ley  sections,  as  I  saw  them,  there  was  just  that  differenoe 
in  the  beds  being  thinner  than  is  usual  in  the  Upper  Bagshot,  and  at 
the  same  time  the  presence  of  a  few  scattered  small  unworn  flints  in 
the  sands,  which  made  me  speak  of  them  with  more  reserve ;  but 
which  further  consideration  has  suggested  may  be  only  just  those  1 
diiferentisB  which  may  be  explained  by  greater  proximity  to  a  shore, 
where  the  Chalk  was  undergoing  destruction  and  furnishing  the 
flints.  On  the  other  band,  there  was  on  the  surface  what  appeared 
to  be  the  wreckage  of  a  Bagshot  pebble-bed  at  Headley,  which 
suggests  the  Lower  Bagshot  as  the  more  probable  horizon  for  the 
sands  at  that  place.  Still  these  facts  taken  together  do  not  of  course 
militate  against  the  view  that  the  sands  at  the  various  localities 
mentioned  may  be  of  Upper  Eocene  (Bagshot)  age. 

To  the  minds  of  some  the  question  as  to  age  of  these  beds  may 
appear  to  have  been  definitely  settled,  now  that  the  Lenham  deposits 
are  shown  to  be  of  Diestian  age,  i.e.  Older  Pliocene.*  This,  of 
course,  depends  upon  the  contemporaneity  of  these  deposits  with  the 
Lenham  beds  (some  fifty  miles  further  to  the  east)  being  estab- 
lished. This  contemporaneity  has  been  generally  assumed  on  the 
ground  of  approximate  equality  of  altitude  above  the  sea ;  but  this, 
after  all,  may  be  a  mere  accident,  and  if  so  any  argument  based  on 
the  assumption  must  give  way ;  the  chain  cannot  be  stronger  than 
than  its  weakest  link.  This  assumption  seems  to  be  based  on  the 
further    assumption   that   the  elevation   of    the   Weald   has    been 

>  Oa  the  Bagshot  Beds  of  the  London  Basin  and  their  associated  Gravels,  l^roc 
Oeol.  Assoc,  vol.  viii.  pp.  143-171. 
2  Q.J.G.S.  vol.  xlvi.  pp.  116,  167. 

'  See  Gbol.  Mao.  Dec.  Ill,  Vol.  V.  (1888),  pp.  183,  184. 
*  See  Mr.  Clement  Reid's  communication  to  Natur$  (1886),  vol.  xxziv.  pp.  341-2. 
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simultaneously  corameusurate  throughout  the  whole  distance  from 
east  to  west;  but  I  think  it  can  be  shown  that  there  are  fairly 
strong  grounds  for  doubting  this. 

1.  We  have  the  record  of  at  least  two  important  lines  of  moye- 
ment :  (a)  the  Isle  of  Wight  and  Purbeok  anticlinal ;  (6)  the 
anticlinal  axis  of  Eingsolere  and  Inkpen — the  latter  probably 
initiated  at  the  age  of  the  Upper  Chalk  as  worked  out  by  Dr. 
Barrois.^  The  former  of  these  must  have  been  initiated  at  about 
the  beginning  of  the  Oligocene  period,  in  order  to  account  for  the 
relative  lie  and  position  of  the  Eocene  and  Oligocene  strata  of  the 
island : '  the  latter  (as  I  have  previously  pointed  out  elsewhere ') 
was,  in  all  probability,  somewhat  advanced  in  later  Eocene  time. 

Along  each  of  the  lines  of  movement  the  strata  have  been 
thrown  into  a  position  of  much  greater  inclination  on  the  north 
than  on  the  south  side,  lliis  seems  to  follow  as  a  simple  mechanical 
result  of  the  resistance  offered  by  the  greater  proximity  of  the  great 
Mesozoic  area  (and  perhaps  the  underground  conformation  of  the 
Palseozoio  rocks)  of  central  Mercian  England.  Such  movements 
could  scarcely  leave  the  western  end  of  the  Weald  unaffected.  These 
conditions  fail  when  we  attempt  to  apply  them  to  the  eastern  part 
of  the  Weald.  There  are  also  such  minor  axes  of  elevation  as  those 
of  Winchester  and  Portsdown,  probably  later  Eocene.* 

2.  An  examination  of  the  stratigraphical  structure  of  the  Weald 
shows  that  the  resultant  displacement  of  the  strata  in  the  western 
part  of  the  Weald  is  greater  than  that  of  the  eastern  part  This  is 
well  seen  in  the  high  angle  of  inclination  of  the  chalk  of  the  Hog's 
Back,  and  of  the  Neocomian  strata  of  the  Hindhead  anticlinal.^  It 
is  reasonable  to  suppose  that  these  recorded  movements  were  initiated 
much  earlier  than  those  which  have  brought  up  the  strata  of  the 
eastern  part  of  the  Weald  to  their  present  position ;  and  this  sup- 
position is  supported  by  the  fact  that  the  general  axis  of  elevation 
of  the  Weald,  which  can  be  traced  from  its  exposure  in  the  cliffs 
east  of  Hastings,  through  Crowborough  Beacon  (the  highest  point 
in  the  Hastings  Sands),  Horsham,  and  Petersfield,*  seems  to  be 
independent  of,  and  posterior  to,  certain  earlier  movements  which 
determined  the  initiatory  stages  of  elevation  of  Hog's  Back  and 
Hindhead. 

3.  Mr.  Topley,^  has  given  us  a  table  of  cvlminaiing  points  of  the 
chief  formations  of  the  Weald,  showing,  for  each  of  the  formations, 
the  Chalk  (both  north  and  south),  the  Lower  Greensand,  and  the 
Hastings  Beds — "a  general  fall  of  the  summits"  from  west  to  east; 
a  result  scarcely  to  be  accounted  for  by  greater  denudation  towards 
the  east,  but  probably  connected  with  the  greater  disturbance  to 
which  the  western  part  of  the  Weald  has  been  subjected.    It  is  in 

^  See  **  R^chercbes  sur  le  Terrain  Cretac6  snperienr,"  figares  4  and  8  on  the  plate 
at  the  end;  also  p.  113. 

*  See  (e.y.)  the  section  (No.  3)  of  Bamsaj's  Geological  Map  of  England  and 
Wales.  *  Q.J.6.S.  vol.  xliv.  p.  181. 

*  Barrois,  op,  eit.  p.  116. 

*  See  Topley,  **  Geology  of  the  Weald,"  p.  282. 

*  Toplej,  iHd.  ^  Ibid,  pp.  240,  241. 
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the  western  part  of  the  Weald  too  {e.g.  at  Leith  Hill  and  near 
Famham)  that  the  same  aathority  ^  tells  na  that  the  greatest  anioont 
of  dislocation  occurs ;  the  faults  recorded  at  these  two  localities 
being  apparently  connected  with  the  Hog's  Back  line  of  ele?ation, 
as  is  also  another  south  of  St  Martha's,  near  Guildford. 

4.  The  chief  transverse  syndinals  of  the  Weald  are  those  of  the 
▼alleys  of  the  Med  way  and  the  Stour  on  the  north-east  side,  and  of 
the  Adur  and  the  A  run  on  the  south  side ;  while  there  appears  to  be 
an  absence  of  such  synclinals  on  the  north  side  of  the  western 
part  of  the  Weald.'  This  looks  very  much  as  if  they  were  formed 
in  a  series  of  later  movements  caused  by  forces  acting  from  the 
south-east  or  east,  and  not  affecting  the  previously -elevated  portioni 
of  the  Weald  to  the  north-west 

5.  The  fact  that  the  raised  beaches  rise  as  they  are  traced  west^ 
till  at  Bourne  Common,  near  Goodwood,  they  are  130  feet  higher 
than  at  Brighton,'  has  been  pointed  out  by  Mr.  Topley  as  showing 
greater  western  elevation. 

A  progressive  elevation  of  the  English  portion  of  the  Weald  from 
west  to  east,  such  as  the  facts  advanced  above  would  seem  to 
indicate,  leads  of  necessity  to  the  conclusion  that  the  assumption 
(which  has  so  often  been  made  in  certain  quarters)  that  the  mere 
accident  of  the  Lenham  deposits  being  now  at  almost  the  same 
elevation  as  certain  outliers  at  Chipstead,  Headley,  and  on  the  north 
side  of  Netley  Heath,  points  to  their  contemporaneous  age,  is  scarcely 
tenable.  For,  if  such  an  elevation  went  on  progressively  in  the 
direction  indicated,  it  may  well  have  happened  that  those  outliers  of 
sands  may  represent  transgressive  portions  of  the  later  Eocene,  and 
have  been  raised  above  sea-level  during  Miocene  or  early  Pliocene 
times,  while  the  north-eastern  portion  of  what  is  now  the  Weald  was 
still  beneath  the  waters  of  the  Pliocene  sea,  and  receiving  deposits, 
of  which  remains  are  preserved  to  us  in  the  hollows  of  the  Chalk  at 
Lenham.  The  general  strike  of  the  strata  from  the  valley  of  the 
Medway  to  Folkestone  seems  to  favour  this  view. 

A  little  reflection  will  show  that  the  same  negative  reasoning 
applies  to  the  rather  characterless  plateau-gravel  described  by  Prof. 
Prestwich  *  as  occurring  on  the  hills  west  of  Canterbury.  There  is 
nothing  in  the  nature  of  things  to  necessitate  contemporaneity,  though 
similar  causes  acting  under  similar  conditions  have  produced  similar 
results ;  on  the  other  hand,  there  are,  as  we  have  seen,  facts  which 
militate  against  the  assumption  of  contemporaneity  of  similar  deposits 
situate  so  far  as  these  are  from  those  of  East  Berks  and  West  Surrey, 
notwithstanding  the  fact  that  they  are  all  of  pre-Quatemary  age. 

But  I  think  there  is  not  wanting  evidence  of  a  more  general 
nature,  tending  to  show  that  the  Wealden  area  must  have  made 
some  advance  towards  the  position  of  a  hill-range  before  the  close 
of  the  Eocene  period.  This  evidence  is  found  in  (i)  the  high 
inclination  of  the  Lower  Eocene  strata  along  the  northern  flank, 
as  seen  at  Highclere ;    (ii)  the  shallowing  'of  the  waters  of  the 

1  Ibid,  pp.  230,  232,  233.  •  Topley,  Ibid,  pp.  277, 278. 

>  Ibid,  p.  286.  «  Q.J.6.S.  ToL  zlvi.  p.  156 ;  aee  also  pL  Tiii 
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ADglo-Gallic  sea  and  deposition  of  the  Oligooene  strata,  with  which 
the  Tertiary  record  closes  in  the  Paris  and  Hampshire  Basins; 
(iii)  the  absence  of  marine  deposits  of  Miocene  age;  (iv)  the  great 
pala&ontological  break  between  the  Oligooene  and  the  Crag,  ''not 
a  single  species  in  any  class  being  common  to  these  two  series  in 
Britain."  ^  Further  reflection  during  recent  years  upon  the  signifi- 
cant fact,  that  we  have  no  trace  of  Miocene  marine  deposits  in  the 
South-East  of  England,  has  led  me  to  the  conclusion  that  the 
Wealden  and  Tamisian  areas  were  ''  dry  land,"  and  therefore  under- 
going subaerial  waste  and  degradation  all  through  that  period  of 
geologic  time  and  on  into  the  Pliocene,  as,  in  fact,  Prof.  Zittel  has 
represented  matters  in  his  Map  of  Middle  Europe  in  Miocene  times.* 
Mr.  Etheridge  appears  to  have  arrived  at  the  same  conclusion,  as 
he  has  remarked  {op.  cil.  p.  651),  ''Britain,  so  far  as  we  know,  was 
a  land-surface  forming  part  of  the  continent  during'  part  of  the 
Miocene  period."  We  may  therefore  hesitate  to  follow  Professor 
Prestwich  in  dating  the  great  elevation  of  the  Weald  posterior  to 
the  Miocene.'  The  commencement  of  this  elevation  is  referred  by 
Zittel  (op.  cit  p.  433)  to  the  Oligooene  period,  a  simultaneous 
depression  of  North  Germany  occurring,  so  that  the  waters  of  the 
North  Sea  overflowed  that  region  as  far  south  as  Bonn,  and  washed 
the  flanks  of  the  Hartzand  Thuringian  mountains.  Credner*  gives 
a  more  detailed  description  of  this,  and  tells  us  that  this  depression 
continued  on  a  more  restricted  scale  during  the  Miocene,  the 
Tertiary  deposits  of  North  Germany  being  exclusively  of  Oligooene 
and  Miocene  age,  the  Oligocene  strata  of  that  region  being  partly 
marine,  partly  terrestrial,  the  latter  yielding  the  chief  supply  of 
brown-coal.  At  various  points  in  North-western  Grermany  — 
Schleswig,  Holstein,  Lauenburg,  West  Mecklenburg,  Northern 
Hanover — Miocene  strata  are  recognized ;  and  they  appear  to  stretch 
away  to  the  south-west  through  Oldenburg  and  Westphalia  to 
Hasselt  and  Antwerp,  being  recognized  by  Yon  Eoenen  as  con- 
temporaneous deposits,  differing  only  in  their  physical  facies  from 
those  of  his  Diestian  and  Bolderian  system.^  This  Miocene  and 
early  Pliocene  basin  may  represent  the  area  of  depression  on  the  north 
side  of  the  region  of  Miocene  elevation  (which  included  the  present 
regions  of  the  Weald,  the  English  Channel  in  its  eastern  portion, 
and  the  north  of  France),  and  seems  to  have  corresponded  with  a 
similar  depression  of  the  Loire  basin,  where  the  Tertiary  record 
commences  with  the  Miocene.  These  alterations  of  level  were  some 
of  the  minor  incidents  of  those  great  changes  of  contour  of  Central 
and  Western  Europe,  which  are  recorded  in  the  Alps  and  Carpathians, 
and  perhaps  most  markedly  in  the  Pyrenees  (where  the  Nummulitio 
Limestone  is  lifted  up  to  the  crests  of  mountains  more  than  10,000 

>  Etheridge,  **  Manual  of  Geology,"  p.  662. 

*  "  Au8  der  Urzeit"  (Oldenbourg,  Munich),  p.  469. 

'  See  also  Ramsay,  "Phys.  Geol.  and  Geog.  of  Great  Britain"  {6th  ed.), 
pp.  274,  366.  *  "  Elemente  der  Geologie  "  (6th  ed.),  pp.  695-703. 

*  Credner,  op.  eit.  p.  714.  If  we  follow  Mr.  0.  Keid  in  relegating  the  Diestian 
to  the  older  Pliocene,  these  North  German  deposits  may  be  of  Pliocene  age  also  ;  but 
this  is  a  detail  which  does  not  much  a£fect  the  general  argument 
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feet  above  the  sea,  while  the  Miocene  strata  lie  horizontally  agatnit 
the  highly  inclined  older  strata  on  the  north  side),*  changes  whidi 
effectually  mark  off  the  Older  from  the  Younger  Tertiaries  of  £arope. 

A  gradual  subsidence  during  Pliocene  time  of  the  Tamisian  am 
would  admit  of  the  extension  of  the  northern  waters  again  to  the 
west,  so  as  to  cover  a  portion  of  the  East  Anglian  area,  and  give  ni 
the  Crag  deposits  in  a  shallow  sea  bounded  on  the  west  and  soath 
by  a  zone  of  older  Tertiaries,  across  which  there  must  have  been 
extensive  transport  of  detritus  from  the  elevated  Cretaceous  region! 
of  East  Mercian  England  on  the  north-western  side,  and  the  Weald 
on  the  southern  side.  These  seem  to  me  to  have  been  approximately 
the  physiographic  condition  under  which  the  plateau-gravels  north 
of  the  Thames  were  accumulated.  And  if  this  were  so,  there  is  no 
real  necessity  for  associating  the  Westleton  Shingle  of  Prestwich 
with  the  plateau-gravels  on  the  south  of  the  Thames ;  for  the  flint 
pebbles  and  fragments  of  the  former  were  in  all  probability  derived 
from  the  Chalk  of  Norfolk  and  Suffolk.*  The  list  of  organic  remains 
of  the  Westleton  and  Mundesley  Beds,  given  by  Prof.  Prestwich 
in  Part  J.  of  his  recent  paper,  shows  such  a  preponderance  of  land- 
and  fresh- water* remains  as  to  suggest  an  estuarine  origin  for  these 
beds  ;  so  that  we  might  not  be  very  far  wrong  if  we  regarded  them 
as  accumulated  at  the  beginning  of  the  Quaternary  period  near  the 
western  margin  of  the  older  Rhine  estuary,  which  received  the 
drainage  of  the  East  Anglian  and  lower  Tamisian  areas. 

The  admission  that  the  inland  representatives  of  the  Westleton 
and  Mundesley  shingle-beds  may  be  of  terrestrial  origin,  similar 
to  that  which  is  eissigned  to  the  plateau -gravels  on  the  south  side  of 
the  Thames,  would  remove  two  difSculties,  which  must,  I  think, 
have  presented  themselves  to  the  minds  of  others  besides  myself:— 

(1)  It  is  diflScult  to  accept  the  view  of  such  a  wide-spread  marine 
floor  at  about  the  beginning  of  the  Quaternary  period,  as  would 
extend  the  waters  of  the  German  Ocean  to  the  flanks  of  the 
Cotswolds,  with  a  subsequent  elevation  towards  the  west  of  some 
600  feet,  unless  independent  and  collateral  evidence  of  a  less 
equivocal   nature   can   be   adduced   in   support  of  the   hypothesis. 

(2)  There  is  a  great  difficulty  in  explaining  the  unfossiliferous 
character  of  those  inland  gravels,  on  the  theory  of  *  decalciflcation  * ; 
since  so  many  of  them  are  covered  (as  shown  in  Prof.  Prestwicb's 
sections^)  by  Boulder-clay,  which  must  have  served  as  an  impervious 
protection  to  them  from  the  action  of  atmospheric  carbonated  waters. 
It  is  somewhat  curious  that  this  theory  of  decalcification  has  been 
applied  where  it  will  not  very  well  work,  but  not  to  the  plateau- 
gravels  of  the  Southern  Drift,  where  the  same  diflSculty  does  not  arise. 

The  recognition  of  the  Pliocene  age  of  those  inland  gravels  and  sands, 
and  of  their  terrestrial  origin,  would  give  us  also  a  wide  limit  of 
time  for  the  fonnation  of  the  East  Mercian  Chalk  Escarpment,  and 
of  the  present  valley-system,  and  so  remove  a  still  further  difficulty. 

*  Credner,  op,  eit.  p.  722. 

*  The  inference  fairly  to  be  drawn  from  the  absence  of  Tertiary  deposits  in  the 
Midland  and  Northern  Counties  is  in  accordance  with  this  riew. 

»  See  Q.J.G.8.  vol  xlvi.  pp.  116-117.  *  Q.J.G.S.  loe.  eU. 
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A  MiooeDe  elevatioD  of  the  Weald  and  of  East  Mercian  England, 
such  as  has  heen  here  suggested,  would  allow  that  longer  period  of 
time  for  the  subaerial  waste  of  the  Chalk,  which  is  required  to 
account  for  the  angular  flint  fragments  of  the  plateau-gravels, 
especially  as  we  see  them  on  the  hills  above  Aldershot,  where  the 
materials  have  not  been  transported  very  far.  On  the  Chalk  Downs 
above  Ventnor  we  see  them  still  in  position,  just  as  they  are  left  by 
the  solution  of  a  chalk  matrix  with  very  little  argillaceous  materiaL 
It  seems  probable  that  the  materials  thus  furnished  may  have 
acquired  the  subangular  form  which  they  exhibit  in  the  plateau- 
gravels  of  the  Southern  Drift  during  their  transport  northwards  in 
Pliocene  times,  owing  perhaps  to  accentuation  of  the  anticline  of 
the  Weald  at  that  period,  and  its  elevation  into  a  more  definite  hill- 
range,  causing  an  increase  of  precipitation  and  a  greater  volume  and 
rapidity  of  flow,  with  a  correspondingly  greater  transporting  power, 
of  the  rivers  which  flowed  from,  it,  to  convey  the  flinty  materials  of 
the  plateau-gravels,  along  with  the  debris  of  Neocomian  rocks. 

These  are  little  more  than  suggestions,  but  perhaps  worthy  of 
consideration.  I  do  not  think  they  have  been  sufficiently  considered 
in  connection  with  the  general  problem ;  and  this  may  be  a  justifica- 
tion for  the  appearance  of  this  short  paper. 


VIII. — On  Some  Small  Bivalve  Shells  fbom  the  Karoo  Formation, 

SouTU  Africa. 

By  Professor  T.  Rupert  Jones,  F.R.S.,  F.G.S.,  etc. 

AMONGST  the  specimens  sent  many  years  ago,  from  South 
Africa,  by  the  late  Mr.  Andrew  Oeddes  Bain,  to  the  Geological 
Society  of  London,  are  two  small  blocks  of  greenish-grey  hard 
mudstone  or  shale,  very  slightly  calcareous ;  one  bed -plane  in  each 
specimen  bears  upon  its  surface  numerous  valves  of  one  or  more 
forms  of  small  Lamellibranchs,  closely  resembling  the  shells  of  the 
genera  Cyrena  and  Cyclas  in  contour. 

The  longest  axis  of  one  of  the  largest  and  best- preserved  individuals 
is  7  millimetres,  the  shorter  5  mm.  A  smaller,  well-shaped  form 
measures  5  mm.  by  4*5  mm.  Only  in  a  few  instances  has  it  been 
found  possible  to  develope  these  little  valves  from  their  matrix,  so 
as  to  show  their  contours  clearly  and  accurately. 

Within  certain  limits,  these  little  shells  vary  much  in  size  and 
contour,  as  the  following  measurements  numerically  express  in  mm. : 

From  the  anterior  to  the  From  the  umho  to  the  yentral 

posterior  margin  of  yalve.  margin  of  valve. 

3  X  2i 

3i  X  2} 

4i  X  3 

5  X  4} 

6x5 

6x4 

6x6 

7x4 

7x6 

7  X  6i 

8x6  (lengtheiied  Vs^  cn?ai!c^^« 
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The  BpeoiiDeuH  ara  brown  outa,  having  the  surfaoe  oonoentrioallj 
wriDkled,  wilh  lioea  of  growth  rather  numerous,  sometimes  atrong, 
and  oft«D  inegular,  apparently  from  proaaure  on  a  thin  slielL  Tbis, 
if  once  caloareoua,  haa  disappeared,  leaving  a  brown  film  externallj, 
and  a  thin  dark  line,  where  it  has  been  broken  across,  in  the  abine. 
They  remind  us,  in  general  appearance,  of  aimilar  ahells  in  the 
Englisb  Wealden. 

The  shape  variea  from  suborbioular  to  oval,  suboval,  and  trigonil ; 
some  have  evidently  been  shortened  and  others  lengthened  bj 
pressure.  One  apecimen  haa  obaoure  remnants  of  a  hinge,  showing 
traces  of  cardinal  and  lateral  teeth. 

It  occurs  to  me  that  theae  amall  Bivalves  may  be  conveniently 
referred  to  Oneladida,  and  probably  more  nearly  allied  to  Cgrexa 
than  to  Ogda:  Heuce  we  may  provisionally  name  them  Cgreul 
negUcta. 

These  two  little  blocks  of  Karoo  stone  were  collected  by  Ur. 
Bain  at  the  village  of  BaUour,  on  the  right  bank  of  the  Kat  Biver, 
400  yards  north  of  the  Kev.  Mr.  Tbompaon's  house,  and  are  pre- 
served in  the  Museum  of  the  Geologioal  Society,  Londoo. 


A  poiiioD  of  oat  of  the  bloclce  from  the  Eat  Rirer,  Eastein  FroTince,  Sooth  ASno- 
showing  four  of  the  small  ahelli  and  parts  and  Mctiona  of  others ;  magiiiGed 
twice  the  natural  size. 

Theae  differ  from  the  four  South-African  "  CyrencB "  (?)  figured 
and  described  or  noticed  by  D.  Sharpe  in  the  Trans.  Geol.  Soc 
ser.  2,  vol.  vii.  pp.  199,  202,  and  225,  pi.  28,  figa.  7,  8,  9,  and  13. 
Fig.  7  (undetermined)  is  from  the  same  great  Karoo  formation, 
further  north,  at  Graaf  Reinet;  but  figs.  8  and  9  (undetermined), 
and  13  (C^r«na?  Bainii)  are  fi-om  a  different  series  of  strata  on  ths 
Zwartkop  Biver. 
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IX. — Fossil  Types  in  the  Bbistol  Muscum. 

By  E.  WiLfiON,  F.0.8. ; 
Curator  of  the  BrUtol  Mweum. 

{Concluded  from  th$  August  Numitr,  pago  372.) 

Pklboypoda — conHnusd. 

Lucina  pinm,  J.  de  C.  Sowerby  (non  d'Orbiipy)  (Fitton),  Traos.  Geo!.  Soc.  ser.  ii. 

▼ol.    ir.    p.  341,  pi.  zvi.  f.  14;    F.  Stolicika.  Cret  Pel.  of  S.  India,  p.  252 

[▼alves  nnitedl.     Up.  GreenBand,  Blaokdowo. 
Macrodon  P  rajndvs,  G.  F.  Whidbome,  Q.J.G.8.  toL  zzxiz.  p.  621,  pL  zviii.  f.  8  (in 

part  type)  [right  ralvel.    Inf.  Ool.  Dnndry. 
Macrodon  raailis,  G.  F.  Whidbome.  Q.J.G.S.  vol.  zziix.  p.  621,  pi.  z?L  fa.  16,  16a, 

15^  [right  ralvel     Inf.  Ool.  Bradford  Abbas. 
Jiactra?  angulata,  J.  de  C.  Sowerbv  (Fitton),  Trans.  Geol.  Soo.  ser.  ii.  vol.  It.  p.  841, 

pi.  zvi.  f.  9;  F.  Stolicaka.  Cret.  Pel.  of  8.  India,  p.  66  [valves  united].    Up. 

Greensand,  Blackdown. 
Modiola  reversa,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geo].  Soc.  ser.  ii.  vol.  iv.  p.  842, 

SI.  ivii.  f.  18  ;  F.  Stolicaka,  Cret.  Pel.  of  8.  India,  p.  878  [right  valve].     Up. 
rreensand,  Blaokdown. 
JfodiolopsU  acutiprora,  W.  J.  SoIIas.  Q.J.G.S.  vol.  zzzv.  p.  426,  pi.  zziv.  fs.  21. 

22   [left  vauve,  2  casts  and  1  mould  in  gutta-peroha].    Wenlock,  Bhymney 

Quarry.  Cardiff. 
Jfya  laviuscula,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv.  p.  340, 

pi.  zri.  f.  6  [right  valve].     Up.  Greensand,  Blaokdown. 
Myoeoncha  unguis,  G.  F.  Whidborne,  Q.J.G.S.  vol.  zzziz.  p.  680,  pi.  zviii.  f.   21 

[left  valve].     Inf.  Ool.  Dundry. 
Mgtilus  inaquivalns,  J    de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv. 

p.  342,  pi.  zvii.  f.  16 ;  syn.  of  At.  laneeoUUus,  Sow.  Min.  Conch,  pi.  439,  f.  2 ; 

F.  Stoliczka,  Cret.  Pel.  of  S.  India,  p.  372.    Up.  Greensand.  Blaokdown. 
Jfyiilus  pralonguSf  J.  de  C.    Sowerby   (Fitton).  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv. 

p.  342,  pi.  zvii.  f.  15;   syn.  of  M.  lanceolatua^  Sow.,  d*Orbigny.  Terr.  Cret 

▼ol.  iii.  p.  270;  F.  Stolicaka,  Cret.  PeL  of  8.  India,  p.  872  [leil  valve].     Up. 

Greensand,  Blaokdown. 
Mytilus  striatwimus,  G.  F.  Whidbome,  Q.J.G.S.  vol.  zzziz.  p.  619,  pi.  zvi.  f.  12 

[right  valve].     Inf.  Ool.  Dundry. 
Mytilus  tridens,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soo.  ser.  ii.  vol.  iv.  p.  342, 

pi.  xvii.  f.  14;  syn.  of  M.  lanceoiatus.  Sow.,  d'Orbigny,  Terr.  Cret.  vol.  iii. 

B270;  F.  Stoliczka,  Cret.  Pel.  of  JnJia,  p.  372  [double  valve  and  lefl  valve]. 
p.  Greensand,  Blackdown. 
Nueula  lineata,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv.  p.  342, 

El.  xvii.  f.  9;  Nuculina,  F.  Stoliczka,  Cret  Pel.  of  S.  India,  p.  326;  Leda,  W. 
►ownes,  Q.J.G.S.  vol.  xxxviii.  p.  88;   J.  S.  Gardner,  Q.J.G.S.  vol.zl.  p.  186 

[doable  shell  and  left  valve].     Up.  Greensand,  Blackdown. 
Nueula  nuciformis,  G.  F.  Whidborne,  Q.J.G.S.  vol.  xzxix.  p.  525,  pi.  zviii.  fs.  5,  6a 

[valves  united].     Inf.  Ool.  Dundry. 
Nueula  ohtusa,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soo.  ser.  ii.  vol.  iv.  p.  842, 

pi.  zvii.  f.  11 ;   F.  Stoliczka,  Cret  Pel.  of  S.  India,  p.  826 ;  J.  S.  Gardner, 

Q.  J.G.S.  vol.  zl.  p.  126  [lefl  valve].     Up.  Greensand,  Blackdown. 
Orthonota  navieula,  W.  J.  SoUas,  Q.J.G.S.  vol.  zzzv.  p.  496,  pi.  zziv.  f.  8  [valves 

anited].     Up.  Ludlow,  Cross  Dowton,  Bhymney. 
Fanopaa  ovatis,  J.  de  C.  Sowerbv  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv.  p.  340, 

51.  xvi.  f.  6;  MyaeUes,  J.  Morris,  Cat   Brit.  Foss.  2Qd  ed.  p.  214;  Fanopaa^ 
'.  Stoliczka,  Cret.  Pel.  of  S.  India,  p.  87  [valves  united].     Upper  Greensand, 

Blackdown. 
FecUn  barbatun,  J.  Sowerby,  Min.  Conch,  pi.  231  [natural  mould].    Inf.  Ool.  Dundry. 
Ftcten  compositus,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv.  p.  342. 

pi.  zvii.  f.  20;  F.  Stoliczka,  Cret  Pel.  of  S.  India,  p.  428  [single  valve]. 

Up.  Greensand,  Blackdown. 
Feeten  Millerii,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv.  p.  342, 

pi.  zvii.  f.  19 ;  F.  Stoliczka,  Cret  Pel.  of  8.  India,  p.  428  [left  valve].     Up. 

Greensand,  Blackdown. 
Feeten  Stutchburianus,  J.  de  C.  Sowerby  (Fitton),  Trans.  Geol.  Soc.  ser.  ii.  vol.  iv. 

p.  342,  pi.  zviii.  f.  1 ;  F.  Stoliczka,  Cret.  Pel.  of  8.  India,  p.  428  [imperfect 

shell].     Upper  Greensand,  Blaokdown. 
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Fttrinla?  eamalieitlata,  J.  da  C.  Soirerb}  (Fitton),  Tnna.  Geol.  Son.  ler.  ii.  rot  ir. 
'■■      '        -I.  f  10;    Ja-ntiotOTdnii  (CorcJiun),  F.  Stolicskft.  Cret.  PeL  of 


I,  pp.  141,  218  [riifht  ial.B],     Up,  OreenMnd.  BlacWoirii. 
TX-lUKi.  G.^F_-  _Wl..dbor«e,  Q.J.G.S.  ml.  «ii..  p.  534.  pi.  i 


nrfnmua  nntiSM,  G.  F.    Wh 

[v.lv«i  united].     Inf.  Ool , . 

'    US,  "U.F.  WhLiiborDB,  (J.J,Q.3.  »ol.  niix.  p.  SSI.  pi.  i 


f.    18,-    ■JO.  oF  TngBnia  iadalia,  Pirbioi 

Trigonin.  Pal.  Sod.  p.  100  [ng\i\,  nnd  left  •aUul.    Dp.  GnwDtsnd.  Blukdo-m. 
Vaiii)  immma.  J.  de  C.  Sowerbj  (Fia.in|.  Tune.  Geo!.  Soc.  *eT.  ii.  toI.  ii.  p.  Ml 

pi.  xrii.  f.  6i    rCyprimtria  or  Cyliena.  F.  Stalimti.  Cret.  Pel.  of  S.  Indib 

p.  161  [ralni united].     Up.  Greennnd.  Blidrdown. 
rnu  nilscu,  J.  de  C.  UtoneTbT  ( FiKon).  Tnm.  Ueol.  Snc.  Bsr.  ii.  toI.  it.  ^  Ul 

pi.  iiii.  F.  5:  CyihertB.  F.  Stolinkk,  Cret.  Pel.  ofS.  Indik,  p.  161  [left  nJn]. 

Upper  Greenund ,  BUokdowii. 
rmuPlnixrata,  J.  de  C.  Soirerhj  (FiUon),  Tnni.  Geol.  Soo.  ner.  ii.  tol.  i*.  p.  HI. 

pi.  iiii,  r.  g  :  CyUuTta.  3.   Morria,  Cat.    Fjril.  Fn».  Sod  ed.  p.  201 :  Ctrgtla. 

F.  Stolicttka,  Cret.  Pel.  of  S.  Indift,  p.  161.    Upper  Greeosuid.  BUckdoitii. 

BsACBIOPODA, 
Sli>iiiAB<iftla  Dundrieniii.  S.  S.  Bnclcmsn,  Froc.   Donpt  Nat   Hiat.  Ciub.  «1.  it. 

p.  43(186!)!  Hkipieliinulla.  ap.  T.  Davidson.  Brit  Fon.  Brach.  PaL  Soe. 
»ol,  i.  Appendii.  pi.  a.  f.  28 :  m.  Dfiil ntJisis.  Biicknmi,  T.  na»id«m.  Ap- 
pend], to  Snppl^m'nl  Uril.  Vnm.  iirach.  «.!.  v,  p  272  p!.  lii.  1'.  10[tijli« 
anited].     Inl.  Uol.  Uuadrj. 

TfT^ratula  Elketidgii.  T.  Davidson.  Brit  Fow.  Brach.  Pal.  Soo.  lol.  i.  Appendit 
p.  II.  pi.  A.  fg.  7,  8  [lalves  aniled].     Inf.  Ool.  Dundrj. 

Tertiratala?  mt^atntaa  ? .  J.  de  G.  Sowerb;  (Fitton|,  Trans.  Geol.  Soc.  «er.  ii.  vol. 
iv.  p.  343.'  pi.  iTiii.  f.  3 ;  Argiopt.  T.  Davidson,  Brit.  Fnu.  Bracb.  Pal.  Soc 
vol.  i.  Cret.  Brach.  p.  lUI.  pj.  lii.  f.  81  P  (Don  f.  32),  [valrea  nnited,  taliM 
gaping].    Upper  Greenland,  Warminater. 

Note. — There  is  lome  doubt  as  to  this  being  the  type.  The 
apecimen  in  the  Bristol  Museum  so  referred  is  stated  to  liave  come 
from  "Warminster,"  but  Sowerby  gives  "Blackdown"  as  the  locality 
of  his  type.  The  specimen  in  this  Museum  agrees  very  well  with 
Sowerby's  figure,  and  also  with  Davidson's  reproduction  of  the  same 
(fig.  31,  supra),  but  not  with  fig.  32,  the  specimen  stated  by  bim  to 
be  in  the  Bristol  Museum. 

nrebTaliila  pitnctata,   «ar.    SadtUiekaitit,  T.  DaridaaD,  Sapplement  to  Brit.  Jnr.  and 

Trias.    Brach.  Pal.   Soc.  vol.   it.   p.  181.pl.  xi\.  S.  14  (pan.)  [valTea  iuiil«d]. 

M.  Lisa,  iUdetmk. 

Cbustaoba. 
3V<ipi>rl.Bit.C.Goald,Q.J.O.S.  Tol.  liii.  p.  S60,woodent,  fa.  I,  2.3  ;  H.Wood««ri, 

Cat.    Brit.  Foaa    CrosL   B.   U.   p.  16  [uarapace.  4  abdoniinal  tegmenta  and 

fragment  of  limb].     Sfaeetic  {bone-bed),  Auat  CliSL 

NoTK. — This  interesting  little  crustacean  is  imbedded  in  a  ooprolitfl 
and  must  thererore  have  served  as  the  food  of  some  fish  of  the 
Kheetio  period. 

Annelida. 

Strjnila  JUIformii.  J.   de  C.   Sowerb;  (Fitton).  Trana.  Geol.  Soo.  aer.  ij.   rol.  ii. 

p.  840.  pi.  ivi.  f.  12.    Dp.  Oreenaaud.  Blackdown. 
Str/mla  luia.  J.  de  C.  Sowerby  (Filton),  Trana.  Geol.  800.  aer.  ii.  »ol.  i».  p.  UO. 

pi.  iTi.  f.  3.     Up.  Greenaand.  Blackdown. 
Strpula  Bcrma.  J.  de  0.  Sowerby  (Fitton).  Trans.  OmI.  Boo.  nr.  ii.  toI.  ir.  p.  3W 
pi.  ITi.  f.  4.    Up.  Oreensana,  Blackdown. 
C^raOlDKA. 
Untaerinut  MilUrii,  T.  and  T.  AnaliTi,  HLomi.  C'tvT«i.4>«,  ^.  \1ft,  ^, » 
ijn.  P.  eeaiarii.  Ooldfaia  VbtMuMns  wmaV  Ov.VjA.\r--' 
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Ferieehoerinus  P  articulosus,  T.  and  T.  Auftin,  Ann.  Mag.  Nat.  Hut  vol.  zi.  (1843), 

p.  204  (probably  the  typej  [calyx].     Wenlook.  Dualev. 
Periechocrinus  ?  giobosua,  T.  ana  T.  Austin,  Ann.  Hag.  Nat  Hist  vol.  zi.  (1848), 

p.  204  (P  the  type)  [portion  of  calyx].     Up.  Silurian.  Glyddon  HiU. 
Flatyerinus  anthelionitef, 'I .  and  T.  Anstin,  Ann.  Mag.  Nat.  Hist.  vol.  xi.  (1848), 

p.  199.     Mono.  Crinoidea,  p.  27>  pi.  ii.  f.  Sm;  lyn.  of  Fl.  pUeatus,  Goldfuas; 

Morria ;  Cat.  second  ed.  p.  87  [calyx].    Carb.  Limest  P  Loe. 

ACTINOZOA. 

Jfontlivaltia  SMekburyi,  M.  Edwards  and  J.  Haime,  Brit  Foss.  Corals,  Pal.  Soe. 
p.  131,  pi.  xxvii.  f.  3.     Inf.  Ool.  Nunney,  near  Frome. 

Plantje. 

Jfegaphyton  elongatum,  B.  Eidston.  Trans.  Roy.  Soc.  Edinburgh,  vol.  zzxiii.  pt  2, 
p.  390,  pi.  XX vi.  f.  1.     Coal  Measures,  Radstook  P 

Described  and  Figured  Fossils  (other  than  Ttpb  Spbgimens) 

IN  THE  Bristol  Museum. 

Mammalia. 

Cants  luviu,  Linnseus,  "Wolf** and  ** Small  Wolf,"  J.Cottle.  The  Oreston Caves,  folio 
ed.  pi.  V.  f.  8;  pi.  iii.  fs.  3,  4;  pi.  iv.  f.  4  [portions  of  upper  jaw  with  four 
molar  teeth,  humerus,  ulna,  os  calcis  and  astragalus].  Pleist.  (CaTe-earth), 
Oreston  Caves,  Plymouth. 

Canis  vulpes.  Ldnn&ens,  "  Fox."  J.  Cottle,  The  Oreston  Caves,  folio  ed.  pi.  iv.  f.  5 
[tragmentary  ulnaj.     Pleist.  (Cave-earth).  Oreston  Caves,  Plymouth. 

ElephM  (EueUphas)  antiquus,  H.  Falconer,  Q.J.G.S.  vol.  xiii.  p.  819;  Palieont. 
Memoirs  of  Hugh  Falconer,  vol.  ii.  p.  179  (not  figured)  [2nd  with  molar,  left 
side  lower  jawj.     Pleist.  (cave  earth),  Dnrdham  Down  Cave,  near  Bristol. 

Equus  eaballus,  Linnasus,  **  Horse,"  J.  Cottle,  The  Oreston  Caves,  folio  edition,  pi.  ii. 
f.  1  [fragment  of  lower  jaw  with  three  incisor  teeth].  Pleist.  (Cave-earth), 
Oreston  Caves.  Plymouth. 

Felis  leo.  Linnaeus  =  F.  swlaa,  Goldfusa,  "Tiger,"  J.  Cottle,  The  Oreston  Caves,  folio 
ed.  pi.  i.  f.  6,  ana  pi.  iii.  f.  1.  [fragment  of  upper  jaw  with  4th  prse-molar 
and  humerus].     Pleist.  (Cave -earth),  Oreston  Caves,  Plymouth. 

Bhinoceros  htmita-chus,  H.  Falconer,  PalsBont  Mem.  of  Hugh  Falconer,  vol.  ii.  p.  849 

inot  figured);  syn.  of  lih.  ieptarhinus^  Owen;  R.  Lvdekker,  Cat.  Foss.  Mam. 
}.M.  pt.  ii.  p.  lUl  [worn  upper  molar  teeth,  viz.  2na  and  3rd  molars,  and  left 
antepenult,  and  penult,  true  molars,  and  two  premolars  in  pairs].  Pleist. 
(Cave-earth),  Durdbam  Down  Cave,  near  Bristol. 
Sus  scrqfa,  Linnaeus.  **Hog,"  W.  Buckland,  Reli(}.  Diluv.  pp.  67-59,  pi.  xi.  fs.  30-38 
[molar  teeth  and  canine  tooth  of  upper  jaw].  In  the**Catcott  Cabinet," 
formerly  deposited  in  the  Bristol  City  Library  and  now  in  the  Bristol  Museum. 
Pleist.  (Cave-earth),  Hutton  Cave,  Mendip  Hills. 

Pisces. 

Cladodus  conicus  P  L.  Agassis.  Poiss.  Foss.  vol.  iii.  p.  199  (not  figured),  [tooth  in 
matrix  divided  longitudinally].     Millstone  Grit,  PHoneypen  (Quarry,  Bristol. 

Note.  —  Possibly   this    is    the    imperfectly- preserved   specimen 
referred  probably  to  this  species  by  Agassiz. 

Cladodus  MilUri,  L.  Agassiz  =  C/.  mirahilis^  Agass.,  J.  W.  Davis,  Scient.  Trans.  Roy. 

Dublin  Soc.  vol.  i.  ser.  ii.  p.  378.  pi.  xlix.  f.  16  [tooth  in  matrix  shown  u. 

longit.  section].     Carb.  Limest  (black  rock),  P  Avon  Gorge,  Clifton. 
CUnacanthus  trnvhtriatus,  L.  Agassis,  J.  W.  Davis,  Scient  Trans.  Roy.  Dublin  Soc. 

vol.  i.  ser.  ii.  p.  835,  pi.  xliii.  fs.  2.  2a.  2h\  syn.  of  Ct.  major,  Agasi>.,  A.  8. 

Woodward  and  C.  D.  Sherborn,  Brit  Foes.  Vert.  p.  49  [dorsal  spine].     Carb. 

Limest.  (black  rock),  Avon  Gorge,  Clidon. 
Orodus  einctus^  L.  Agassiz,  J.  W.  Davis,  Scient.  Trans.  Roy.  Dublin  Soc.   vol.  i. 

ser.  ii.  p.  392,  pi.  1.  f.  8  [a  series  of  4  teeth].    L.  Limest.  Shales  (bone  bed) 

Avon  Gorge.  Clifton. 
Orodus  ramosus,  L.  Agassiz,  J.  W.  Davis,  Scient  Trans.   Roy.  Dublin  Soc,  vol.  i. 

ser.  ii.  p.  390,  pi.  1.  fs.  I,  2,  5a.  b  [series  of  8  teeth  and  single  tooth].     Carb. 

Limest.  (black  rock),  Avon  Gorge,  Clifton. 
Fsammodus  rugosua,  L.  Agassiz,  J.  W.  Davis,  Scient  Trans.  Roy.  Dublin  Soc.  vol.  i. 

ser.  ii.  p.  459,  pi.  Ivi.  f.  6  and  pi.  Ivii.  f.  1  [teeth].    Carb.  limest,  Armagh 

and  Clihon. 
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KoTS. — Plate  ItL  f.  6  represents  a  triangular  tootb  from  Armagh, 
pL  Ivii.  f.  1  a  gnrap  of  3  or  4  teeth  from  the  Uack  rook  of  the 
Avon  (Jorge,  Clifton. 

T9m9imi  tfMMTM,  L.  Agasis,  If  a.  J.  W.  Davis.  SoMt  Trml  Roj.  Ddhlm  Soe. 
▼ol.  i.  wr.  iL  p.  446.  pL  W.  ft.  16, 18  [2  taetli].  Ckrb.  I  iiwT  (bla^  nek). 
Avon  Gorge,  Cliftoo. 

Ckphalopoda. 

Bdtwnuta  tuMartM,  Yoona  and  Bird.  J.  Phillip,  Britidi  Belemaitids,  fU.  Soe. 
p.  68,  pL  ziv.  f.  36.  B.    U.  Lias.  Loe.  doaotfoL 

KoTS. — This  specimen  is  said  to  be  from  near  Glonceeter,  but 
there  is  little  reason  to  doubt  that  it  is  a  Yorkshire  specimen  from 
the  neighbourhood  of  Whitby,  Tide  Phillips,  ioc.  cit 

Gastxbopoda. 

AUtria  (Pteroeera)  LorierU  A.  d'Orbignr.  Mir.  A.,  W.  H.  Hadleatoo,  PaL  Soe.  laL 

Ool.  Gast  pt  i.  p.  188.  pi.  n.  f.  6d.    Inf.  Ool.  Dandrj. 
AUtria  Lotharinaiea^  8chlamberger,  £.  B.  Tawney,  Proc  Brictol  Nai.  Soe.  ic.R.  voL  i 

p.  22 :  W.  U.  Hodierton,  PaL  Soe  Inf.  OoL  Ga£t.  pt  L  p.  125,  id.  ▼.  £  9. 

Inf.  Ool.  Dandrj. 
AmhtrUya  iEucyclui)  goniata,  E.  Desloagoliampe,  E.  B.  Tawney,  Proc  Briit  Kat 

8oc.  K.8.  Tol.  i.  p.  28.  pL  ii.  f.  5.    Inf.  Ool.  Dondrr. 
Amberlgya  (Turbo)  "omata,*'  J.  Sowerby,  E.  B.  TawneT.  Proc.  Briat.  Nat  Soe.  K.a 

▼ol.  1.  p.  27.  pi  i.  f.  9 ;  **  eyn.  of  AmberUifa  {Tuilo)  eapUamea^  MQnator."    laf 

Ool.  Dandry. 
JkHtalium  medium,  J.  Sowerby,  J.  de  C.  Sowerby  (Fitton).  Trana.  GeoL  Soe.  ter.  ii. 

vol.  iv.  p.  843.  pi.  zviii.  f.  4     Up.  Greenaand,  Blaokdown. 
Euivira  {Nattea)  Bajocentii,  A.  d'Orbigny,  S.  B.  Tawney,  Proo.  firist.  Nat  8oe. 

N.8.  vol.  i.  p  18.  pL  i.  ft.  2.  4.    lut  Ool.  Dandry. 
Eumra  {Nat\ca)ZeHma?,  A.  d'Orbiffny.B.  B.  Tawney,  Proc.  Briat  Nat  Soe  N.a 

vol.  i.  p.  14,  pi.  i.  f.  i.     Inf.  Ool.  Dandrv. 
FUuwtomaria  tttbreticulata,  A.  d'Orbi|m,  E.  B.  Tawney,  Proc  Briat  Nat  SocN.S. 

vol.  i.  p.  46.  pi.  lit  f.  7.    Inf.  Oof.  Dandry. 
Purpurina  Bellona,  A.  d'Orbigny,  E.  B.  Tawney,  Proc.  Briit.  Nat  Soe  N.8.  voL  i. 

p.  11,  pi.  iii.  f.  8.     Inf.  Ool.  Dundry. 
Poftellaria  Parkinsoni,  J.  Sowerby,  J.  de  C.  Sowerby  (Fitton).  Trane.  Geol.  Soo. 

■er.  ii.  vol.  iv-  P-  844,  pi.  zvii.  f  24;  Alaria,  F.  Stolioaka,  Cret  Gaat  of  8. 

India,  p.  30.     Up.  Greenland.  Blackdown. 
Trochut  Zete$,  A.  d'Orbimv,  E.  B.  Tawney,  Proc.  Briat.  Nat  Soe  N.S.  vol.  L  p.  82, 

pi.  ii.  f.  7.    Inf.  OoL  Dandry. 

Peleotpoda. 

Astarte  tttffiata,  F.  Bomer,  G.  F.  Whidbome,  Q.J.G.S.  vol.  xxziz.  p.  627,  pi.  xviii. 

fa.  15.  16  [double  shell  and  left  valve].     Inf.  Ool.  Dandry. 
Cardinia  eoncinna,  J.  Sowerby,  8.  Statchbnry,  Ann.  Mag.  Nat.  Bist  vol.  viii.  (1842) 

p.  485.  pi.  z.  f.  13  Oeft  valve  with  fragment  of  right  valve].    L.  Liaa,  Langir. 

Notts. 
Cardinia  Listen,  J.  Sowerby,  J.  Statcbbary.  Ann.  Mag.  Nat  Hist  vol.  viii.  (1842), 

p.  482.  pi.  iz.  fa.  1,  2  [doable  shell  and  right  valve].     L.  Lias,  Hewletts  fiili, 

Uheltenham. 
Zima  iemiiulcata,  Nilsson,  J.  de  C.  Sowerby  (Fitton).  Trans.  Geol.   Soe   ser.  iL 

vol.  iv.  p.  886.  pi.  zii.  f.  10  [single  valve  Pleftl.     Up.  Greensand,  Blackdown. 
Trig&nia  alaformis,  J.  Sowerby,  Min.  Conch,  pi.  2l5,  f.  8 ;  syn.  of  T.  aliformist  J. 

Parkinson,  Organic  Bemains  vol.  iii.  p.  170.    Up.  Greenaand,  Blackdown. 

Bbaghiopoda. 

Productus  comoidei,  J.  Sowerby ;  Chonetes,  T.  Davidson,  Q.  J.G.S.  vol.  x.  p.  202, 
pi.  viii.  f.  1,  and  Brit  Foss.  Braoh.  vol.  ii.  p.  180,  pi.  zlv.  f.  7  [doable  elieU]. 
Carb.  Limest.  Loc.  donbtfal. 

Waldheimia  P  ( TerdnxUula)  Angliea,  A.  Oppel.  T.  Davidson,  Brit.  Foes.  Braeta. 
Supplement  to  vol.  i.  p.  20.  pi.  a.  fs.  10  P  11-13,  as  var.  of  T.  sphteroidalis, 
Sow.  ;  op.  cit.  Supplement  to  vol.  iv.  p.  185,  as  T.  Angliea,  Oppel ;  op.  eit. 
vol.  V.  p.  270,  as  Waldheimia  [8  or  4  doable  shells  as  casts].   Inf.  Ool.  Dandry. 

Note. — The  specimens  described  by  Davidson  were  stated  bj 
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him  to  belong  to  the  Bristol  Mnseain,  hut  it  is  not  very  clear  that 
the  specimens  in  this  Museam  so  referred  are  the  same. 

Cbinoidea. 

Diehoerinus  radiaius,  MQnster,  T.  and  T.   Austin,  Mono.  OrinoidML,  p.  46,  pi.  r. 

f.  5e  [oalyx].    Garb.  Limest  P  Loo. 
Flatycrinns  yt^oj,  J.   Phillips,  T.   and  T.   Aiutui,  Mono.  Crinoidea,  p.  88,  pi.  iv. 

fs.  la,  ft,  e  [caljx].     Garb.  Limest.  P  Loo. 
Flatyerinus   ruqosua^  J.   S.  Miller,  T.  and  T.  Austin,  Mono.  Crinoidea,  p.  40,  pi.  It. 

fs.  2  d—k.    Carb.  Limest.  P  Loc 
Poteriocrinust  erassug,  J.  8.  Miller,  T.  and  T.  AostiQ,  Mono.  Crinoidea,  p.  69,  pL  riii. 

f.  8  c  [oolamn  and  tn^meni  of  caiyx^K     Carb.  LimesL  Cleredon. 
Synbaihocrinus  eonieus,  J.  Phillips,  T.  and  T.  Austin,  Mono.  Crinoidea,  p.  98,  pi.  ix. 

f .  6  [oolamn,  oaljrz  and  arms].     Carb.  Limest.  Hook  Point,  Wezfcnrd. 

AOTINOZOA. 

Alveoliia  {FavosUet)  septota,  J.   Fleming.   M.   Edwards,  and  J.  Haime.  Brit  Foss. 

Corals,  Pal.  8oc.  p.  167,  pi.  xW.  f •  6  fa  snbirlobose  mass].    Oarb.  Limest  P  Loc. 

Clisiophyllum  turbinatum,  P.  McCoy.  M.  Edwards  and  J.  Haime,  Brit  Fosi.  Corals, 

Pal.  8oc.  p.  184,  pi.  xxxiii.  f.  1  fa  short  specimen].    Carb.  Limest.,  Clifton. 
Cluiophyllum  eoniseptum.  A,   Keyserling,   M,   Edwards  and  J.  Haime,  Brit  Foss. 

Corals.   Pal.  Soc.  p.  185,  p.   xxxvu.  f.  6  £a  large  specimen  partly  broken]. 

Carb.  Limest.  P  Loc. 
Cyathophyllum  reyium,  J.  Phillips.  M.  Edwards  and  J,  Haime,  Brit  Foss.  Corals, 

Pal.  Soc.  p.  180,  pL  xxxii.  t  4  [two  ooraUites  issaing  from  the  same  parent]. 

Carb.  Limest.  P  Loc. 
Miehdinia  iManon)  favosm,  Goldfoss,  M.  Edwards  and  J.  Haime,  Brit  Foss.  Corals, 

Pal.  Soo.  p.  154,  pL  rliv.  f.  2  [a  large  broken  compound  mass].    Carb.  limest. 

P  Masbury,  Mendipa. 
Michelinia  (Calamopora\  mfgaatoma,  J.  Phillips,  M.   Edwards  and  J.  Haime,  Brit. 

Foss.  Corals,  Pal.  Soo.  p.  156,  pi.   xliv.  f.  Zb  [a  polished  oblique  section]. 

Carb.  Limest  P  Loc. 
Michelinia  ( Calamopora)  tenuisepta,  J.  Phillips,  M.  Edwards  and  J.  Haime,  Brit 

Foss.  Corals,  Pal.  Soc  p.  155,  pi.  rlir.  f.  1  £a  small  mass].    Carb.  Limest, 

Masbury,  Mendips. 

Plantjs. 

AUthoptfris  Davreuxi,  Brongniart  R.  Kidston,  Trans.  Roy.  Soc.  Edinburgh,  vol. 

ixxiii.  (1888)  pt.  2,  p.  886,  pL  xriv.  f  1.    Coal  Measures,  Camerton. 
Caulopteris  macrodiscui,  Brongniart,  B.  Kidrton,  Trans.  Roy.  Soc.  Edinburgh,  vol. 

xxxiii.  (1888)  pt  2,  p.  893.  pi.  xxv.  f.  1.    Coal  Measures.  Coalpit  Heath,  Bristol. 
Rhaeophyllum  GoJdenbergii,  Weiss,  R.    Kidston,  Trans.  Roy.  Soo.   Edinburgh,  vol. 

xxxiii.  (1898)  pt.  2,  p.  888,  pi.  xxfii.  f.  2.    Coal  Measures,  near  Pucklechurch, 

Gloucestershire. 
Zoophycoa  ( Canctllophycu*)  seoparius,  Thiolliire,  B.  B.  Tawney,  Proo.  Brist.  Nat.  Soc. 

ser.  ii.  vol.  rii.  ( 1878)  pt  2,  pp.  40, 41.     Inf.  Ool.,  Rackledown  Quarry,  Dundry. 

List  of  the  Principal  Works  relating  to  Fossil  "Types"  and 
Described  Specimens  in  the  Bristol  Museum. 

1768.  A.  Catcott,  A.  Treatise  on  the  Deluge,  second  ed. 

1812-20.  J.  Sotcerby,  Mineral  Conohology  of  Great  Britain. 

1821.  J.  S.  Miller,  A  Natural  History  of  the  Crinoidea. 

1823.    W.  Buekland,  ReliquiiB  DiloviansB. 

1829.  J.  Cottle,  Malvern  Hills,  with  Minor  Poems  and  Essays.  8to.    Fourth  ed.  1829, 

▼ol.  ii. ;  and  reprinted  folio  ed.  with  plates,  n.d. 
1829.  J.  S.  Miller,  Observations  on  Belemnites,  Trans.  Geol.  Soa  2nd  series,  vol.  ii. 
1833-43.  L'  Aaassiz,  Recherohes  sur  les  Poissons  Fossiles. 
1836.   ^.  H.  FUton,  Observations  on  some  of  the  Strata  between  the  Chalk  and  the 

Oxford  Oolite  in  the  South-east  of  England,  Trans.  Geol.  Soo.  2nd  series, 

vol.  It.  with  Appendix,  Descriptive  Notes  respecting  the  Shells  figured  by 

J.  de  C.  Sowerby. 
1810.  H.  Riley  and  S.  Stuiehbury,  A  Description  of  various  Fossil  Remains  of  three 

distinct  Saurian  Animals  recently  discovered  in  the  Magnesian  Conglomerate 

near  Bristol.  Trans.  Geol.  Soc.  2nd  ser.  vol.  v. ;  Proc.  Geol.  Soc.  vol.  iii. 
1840.  R.  Otren,  Report  on  British  Fossil  Reptiles,  Brit  Assoc.  Rep.  for  1839. 
1842.  S.  atutchbvry,  On  a  new  genus  of  Foesil  Bivalve  Sheila,  Aim.  and  Mag.  Nat 

Hist  vol.  viiL 
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1848  (ciroa).  T.  Amttvn  and  T.  AusHm,  jtm.,  A  Moncvniph  on  Beoent  and  Foal 

Crinoidea. 
1846.  S.  SMehbmy,  Deaoription  of  a  new  ipeciea  of  PledoMonu  in  the  If  naeui  of 

the  Bristol  tostitutioo.  Q  J.G.S.  rol.  ii. 
1852.  H.  If.  Edvards  and  J.  Haime,  A  Monofntiph  of  the  Britiah   Foeail  Gonlii 

PaliBontographical  Society. 
1854.  J.  Morris^  A  Catalogue  of  BritiBh  Fonila.  aeoond  edition. 
1854-84.  T.  Davidson,  Britieh  Fossil  firachiopoda,  PalflBontographionl  Society,  SoppL 

to  ?ol.  i.  vol.  iv.  and  vol.  v. 

1856.  F.  de  M.  O.  Egertcm,  Figures  and  Deacriptions  illiutratire  of  Britiah  Organie 
JElemains,  Mem.  Geol.  Survey  of  the  United  Kingdom,  dee.  viii. 

1857.  C.  Oould,  Description  of  a  new  fosail  Crustacean  (Tropifer  UeoU,  C.  GoaU) 
from  the  Lias  Bone-bed.  Q.  J.G.S.  vol.  xiii.  p.  360. 

1865.  J.  FhiUipM,  A  Monograph  of  British  BelemnitidsB,  Palsontographical  Sodetj. 
1868.  F.  Stoliezka,  Cretaceous  Fauna  of  Southern  India,  vol.  ii.  the  Gastropoda. 

Mem.  Geol.  Surv  India,  Palseontologia  Indica. 
1868.  H.  Falconer,  Palseontological  Memoirs  and  Notes  of  the  hite,  edited  by  Cbariei 

Murchison.  vol.  ii. 

1870.  T.  H,  Huxley,  On  the  Classification  of  the  Dinoaanria,  with  Obaerrationa  on  tb* 
Dinoeauria  of  the  Trias,  Q.J.G.S.  vol.  xzvi. 

1871.  F.  Stoliezka,  Cretaceous  Fauna  of  Southern  India,  vol.  iiL  the  Peleoypodi, 
Mem.  Geol.  Surv.  India,  Palseontologia  Indica. 

1874.  E.  B.  Tanenev,  Museum  Notes,  **Dundry  Gasteropoda,'*  Proc.  Bristol  Kit 
Soc.  N.  S.  vol.  i.  part  i. 
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I.  —  Note  on  a  Fossil  Fish  and  Marine  Worm  found  in  the 
Pleistocene  Nodules  of  Green's  Greek  on  the  Ottawa. 
By  Sir  J.  William  Dawson,  F.K.S.  (Canadian  Record  of 
Science,  vol.  iv.  pp.  86-88,  April,  1890.) 

1>HE  Pleistocene  Glays  of  Green's  Creek  are  well  known  from  the 
occurrence  in  them  of  fish-bearing  nodules  resembling  those 
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found  on  the  coast  of  Greenland.  MaUoim  niUosua,  Osmerua  mordax, 
Gaaterosteua  aculeatuB,  and  Cyclopierua  lumpiu,  have  already  been 
recorded  from  this  deposit;  and  Sir  William  Dawson  now  adds 
a  species  of  CoHuSf  which  seems  to  be  C  fasciatus  of  Keinhardt. 
Other  nodules  containing  Nereid  worms  are  also  described,  and 
believed  to  represent  a  species  of  the  genus  Nereis, 


XL — The  Oooubbenob  of  Rauiolaria.  in  Albitb  Crystals. 

A.  IssEL.  Radiolaires  fossilbs  contenues  dans  les  obistatjx 
d'albite.     Compt  Rend,  tome  ex.  pp.  420 — 424,  Fevr.  24, 1890. 

A.  IssEL.  Il  Calcifiro  fossilifeko  di  Koyegno  in  Yal  di  Tbbbbia. 
Annali  del  Museo  Civico  di  Storia  Naturale  di  Geneva,  (2)  ix. 
1890,  pp.  91—119,  pis.  V.  and  vi. 

PROBABLY  one  of  the  last  places  in  which  a  geologist  would 
attempt  to  commence  fossil  collecting  would  be  in  a  rock 
containing  authigenous  crystals  of  albite,  and  perhaps  the  most 
remarkable  discovery  announced  in  the  present  year  is  that  not 
only  does  such  a  rock  yield  a  Badiolarian  fauna,  but  that  the  fossils 
occur  in  the  albite  crystals  themselves.  The  calciphyre,  in  which 
this  unexpected  find  has  been  made,  occurs  at  several  places  round 
Rovegno,  a  village  situated  in  the  tongue  of  Pavia  that  runs  south 
up  the  Trebbia  valley  to  the  summit  of  the  Ligurian  Apennines. 
The  rock  occurs  in  a  series  of  calcareous  marls,  calcareous  and 
argillaceous  "schists'*  and  tiles,  belonging  to  the  group  of  Upper 
Eocene  beds  (piano  liguriano),  which  has  already  yielded  so  many 
interesting  results.  The  beds  are  so  much  contorted  that  the 
stratigraphical  sequence  is  determinable  but  with  difficulty ;  the 
fossiliferous  rock,  however,  certainly  belongs  to  the  lower  part  of 
the  series,  the  upper  part  of  which  consists  of  serpentines,  gabbro, 
diabase,  phtanite  with  pyrolusite,  and  breccias.  The  calciphyre 
occurs  intercalated  with  beds  of  hard,  black,  siliceous  schist,  which 
together  are  6*3  metres  in  thickness ;  the  limestone  is  of  a  ground- 
mass  of  ordinary  cry ptocrystal line  calcite,  in  which  are  scattered 
crystals  of  felspar;  these  are  often  minute  in  size,  but  range  to 
a  length  of  3  cm.  Their  crystallographic  and  optical  properties 
clearly  prove  them  to  be  albite.  Analyses  of  the  rock  and  of  the 
insoluble  residues  are  given;  these,  however,  are  less  satisfactory; 
thus  in  the  former  10  per  cent,  of  silica  is  accompanied  by  only 
traces  of  alkalies;  hence  so  much  other  siliceous  matter  must  be 
present  that  little  can  be  learnt  from  bulk  analyses.  The  Radiolaria 
occur  mostly  within  the  albite,  but  sometimes  a  specimen  projects 
above  the  face  of  a  crystal  into  the  surrounding  matrix.  That  the 
structures  really  are  Radiolaria  there  seems  little  room  for  doubt. 
Prof.  Issel  has  had  considerable  experience  in  the  examination  of 
the  Radiolarian  fauna  of  the  diaspores  that  occur  in  the  same  series;* 
while  the  plate  of  microphotographs  that  accompanies  the  second 

*  See,  e.ff,  his  recent  paper,  **  Del  noduU  a  radiolarie  di  Cassagna  e  delle  roccie 
silicee  e  manganesifere  chi  vi  si  eonnettono,**  Atti  Soc.  Ligus.  ISci.  Nat.  e  Greogr. 
vol.  i.  No.  1,  1890. 
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paper  seems  quite  snflSoient  to  settle  the  qnestion.  Tlie  fossils  in 
referred  to  the  genera  EikmMpkarat  Hdioiphara,  Oorywp&cn, 
Lithopera,  Spiroeampe,  Dictyomitra,  EuehiUmia,  Stiehocampta,  and 
Polystichia ;  Microleciios  is  a  new  gen  as.  Moreover,  there  seemi 
to  be  no  doubt  that  the  albite  has  been  formed  tii  niu  anrand  the 
Eadiolaria,  the  material  in  the  chambers  of  which  is  often  different  from 
that  of  the  albite  around  it ;  a  halo  of  less  transparent  matter  also 
often  surrounds  the  test  of  the  fossil.  The  limestone  shows  signs 
of  erosion  by  acidulated  water,  and  Issel  attributes  the  formation  of 
the  calciphyre  to  hydrothermal  agencies  acting  upon  a  oalcareoas 
marl  at  or  subsequent  to  the  emission  of  the  overlying  ''anfimor- 
phio  "  rocks.  Hence  he  concludes  "  that  from  this  we  see  that  the 
formation  of  large  crystals  of  felspar  in  the  heart  of  a  sedimentary 
rock  may  be  a  local  phenomenon  produced  independent  of  the  canae 
to  which  metamorphism  is  by  many  attributed.'*  J.  W.  0. 


III. — "  IchthyosaHrus  campylod&n  m  Tbonohi  di  Oioadeb  hilli 
Argillb  soagliose  dell'  Emilia."  By  Prof.  G.  Gapeluhl 
[Mem.  B.  Aocad.  Sci.  Istit  Bologna,  ser.  4,  yoL  x.  (1890), 
pp.  1-24,  pis.  i.  ii.] 

IN  the  Bulletin  of  the  Italian  Geological  Society  last  year  (vol.  TJii. 
pp.  43-45),  Prof.  D.  Pantanelli  announced  the  discovery  of 
Saurian  jaws  in  the  supposed  Eocene  beds  of  Emilia,  determining 
them  to  be  Crocodilian,  and  applying  to  them  the  name  of  GaviaHs 
muttnensts.  Prof.  Capellini  now  gives  good  figures  and  a  detailed 
description  of  the  fossil  in  question,  proving  that  it  is  a  fragment  of 
the  snout  of  IditkyosaurKscampylodon^  and  must  have  been  derived 
from  the  Cretaceous  formation.  The  Professor  is  also  engaged  at 
present,  in  collaboration  with  Prof.  Solms  Laubach,  upon  a  mono- 
graph of  the  fossil  Cycads  of  Emilia :  he  thus  adds  a  description  and 
figure  of  a  Cycadean  stem  from  the  same  horizon  as  the  Ichthyo- 
saurus snout,  proposing  for  it  the  name  of  Baumeria  masseiana. 


I^  E  V  I  E  "W  S- 


I. — The  Connexions  of  the  Animal  World  in  Gbologioal  Times. 

Les  Enchainements  du  Monde  Animal  dans  les  Temps 
Geologtqdes — Fossiles  Seoondaibes.  By  Albert  Gaudby. 
pp.  523,  and  403  Woodcuts.     (Paris,  1890.) 

WITH  this  volume  we  have  the  third,  and  we  presume  the  final, 
part  of  Prof.  Gaudry's  'Enchainements  *;  and  its  appearance 
would  seem  to  indicate  that  the  work  as  a  whole  has  been  a  financial 
success.  If  such  a  work  were  published  in  this  country,  we  confess 
we  should  be  rather  at  a  loss  to  indicate  the  class  of  readers  to  whom 
it  would  be  acceptable,  since  it  makes  no  pretence  to  be  a  scientific 
and   detailed   palsdontological  manual,  and  yet  appears  to  be  too 
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desoriptire  &n<1  teofanioal  for  the  ordinary  reader  dasiroui  of  obtain- 
ing a  smattering  of  ecienoe.  It  is,  however,  quite  probable  tliat 
Franoe  may  have  a  claea  of  readers  nurepreHnted  among  oDrtelves. 
A.  % 


Fio.  1.— Upper  (A)  M 


rt  of  StItnMtr  cilmf  iit ; 


The  great  feature  of  this,  as  of  the  preceding  volnmee,  is  the 
beauty  and  number  of  the  illuatratione,  all  of  which  are  by  M. 
Form  ant,  whose  name  alone  is  sufficient  guarantee  for  their 
excellenoe.  By  the  courleny  of  the  author  we  are  enabled  fo  give 
■pecimene  of  these  illustrations  taken  from  various  classes  of  the 
animal  kingdom,  so  that  our  readers  may  judge  for  (hemseWes. 

The  introductory  chapter  gives  a  valuable  table  of  the  variona 
horizons  of  the  Mesozoio  rocks  of  Franoe.  The  second  chapter  is 
devoted  to  the  Foraminifem,  the  third  to  the  Corals,  and  the  fourth 


Fio.  2. — Shell  of  OMtrta  maeroptira ;  from  the  Neocomian. 


to  the  Echinoderms.  Wo  notice  that  in  the  latter  group  not  only  is 
the  minute  structure  of  the  test  and  of  the  'lanUioni'  very  fully 
illustrftt«d,  but  figures  are  given  of  nearly  all  the  main  types  of 
form  found  in  the  test  of  the  Urchins;  we  select  Heteratler  (Fig.  1) 
as  a  sample  of  the  illustrations  in  this  chapter.  The  Molluscs,  as 
their  importance  deserves,  have  a  long  chapter  to  themselves,  which 
is  very  fully  illustrated.  Fig.  2,  taken  from  this  chapter,  strikes  us 
as  a  firet-rate  example  of  wood -engraving.  We  notice  that  in  the 
Ottreida  the  author  regards  Oryphiea  merely  as  a  subgenus  of 
Oilrea,  and  certainly  the  series  of  figures  given  on  page  77  goes  far 
to  support  this  view.  In  the  Gasteropoda  it  is  curious  to  note  how 
Malaptera  (fig.  60),  of  the  Corallian,  seems  to  be  a  more  specialized 
type  derived  from  the  Oxfordian  Pteroeeraa  (tig,  156)  by  the 
'  webbing '  of  the  spaces  between  the  '  fingers.'    la  the  Ammouitei 


420  Smnn—Gaudry'4  Animal  World. 

the  ftnlhor  aclopta  aa  genera  tbe  nnineroDs  terma  wbi<A  Iut»  bcci 
propoaed  of  late  years,  and  figures  aeveral  Bpecioiena  (fig*.  190, 191) 
exhibiting  tbe  rare  featnre  of  tba  complete  Tnouth.  Tlis  fignnt 
of  the  Tarians  inodi6catioDa  of  the  sntnrea  of  the  lobee  given  on 
pp.  114.  115,  will  be  foand  inlereating  and  instmotiTe^ 

Pawing  by  tbe  gizth  chapter,  which  ia  devoted  to  tba  Braobiopadt 
and  Arthropods,  we  commence  tbe  Tertebratee  with  the  seTentli 
cbapttt;    these  occupying  the  remainder  of  tbe   TolnmoL     In  ths 


Fra.  3.— Skeleton  of  Lata  Btitrti ;  from  the  PuoUle  oE  lit.  Aim£.     f  nat.  mt. 

chapter  on  FieheB  the  author  traces  the  gradual  tendency  to  a  loss 
of  a  bony  Bcale-armour  as  we  advance  in  geologic  time,  and  likewise 
the  gradual  increaee  in  the  degree  of  oesification  of  the  endo-akeleton. 
We  have  selected  the  figure  of  the  skeleton  of  Lale»  (Fig.  3),  aoil  of 
the  jaw  of  Meiodon  (Fig.  4)  as  good  specitnenB  of  the  illustrations 
in  this  chapter. 


TJoder  the  heading  Reptiles  the  author  includes  both  the  animali 
properly  so  called  aod  also  the  Amphibians.  In  treating  of  tha 
LabyriDihodoate,  the  FrofeBsor  expresses  etrong  doubts  whether  tbe 
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ratprints  deearibed  aa  Chirofherium  are  really  due  to  members  of 
lis  group,  And  inclines  to  tlie  view  that  they  were  more  probably 
)ade  by  Dinosaurs.  We  venture  to  think  that  the  interesting  group 
f  AoomodoDte  (including  the  Theriodonts)  are  dismissed  with  too 
rief  a  notice  on  pp.  178-179.  In  the  lofatbyosauria  we  note  with 
itereat  another  example  (fig.  275)  showing  a  foetus  tn  ventre',  the 
praimen  does  not,  however,  belong  to  lehihyonaarut  («nBiroilrit, and 
lioutd  apparently  be  referred  to  I.  aeatirottris.  In  oomparing 
p.  194)  the  structure  of  the  limbs  of  Jc/iM^oiaurtw  and  FUotatirvt, 
re  must  totally  differ  from  the  saggestion  that  there  oan  bs  any 
■ossible  genetto  relationship  between  the  two  genera,  the  former 
aving  evidently  deeoended  directly  from  forms  allied  to  PUiioiaurui, 
rith  which  Icbthyonattrut  has  no  sort  of  oonneiioo.  Good  figures 
f  the  skulls  of  Nolhotnurtu  and  its  allies  ore  given  on  page  196,  ona 
f  which  we  reproduce  in  Fig  5    We  observe  that  the  author  leavea 


Fio.  6. — Uppei  surface  of  tbs  skull  of  Simtitmria  Ouilliilmi  ;  &om  the 
MuMhelkaik.  n.  narea  ;  cr.  orbit;  il.  supratemporal  fossa.  J  nat  size. 
Vaeodut  and  Cuamodas  in  the  neighbourhood  of  Simogaitm*,  some- 
TJiat  naively  confessing  (p.  19U)  that  he  does  not  know  what  an 
Uioniodont  or  a  Theriudont  really  is ;  and  thereby,  in  regard  to  the 
alter  group,  merely  repeating  a  sioiilor  oonfesaion  made  by  a  learned 
•Inglisb  palfeontologist  in  1680.' 
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In  the  section  on  the  Dinosaurs  the  figure  of  the  tibia  and  astra- 
galus of  Megalo8auni8,  which  we  reproduce  in  Fig.  6,  shows  ^eij 
clearly  the  close  resemhlanoe  presented  by  the  mutual  relationship 
of  these  bones  to  those  of  the  young  Ostrich.  Why,  however,  the 
author  should  have  gone  out  of  his  way  to  suggest  that  in  both  these 
instances  the  astragalus  is  but  an  epiphysis  of  the  tibia  we  are 
somewhat  at  a  loss  to  understand.  In  the  same  group  the  figures 
of  the  bones  of  Dimodosaurus — a  Dinosaur  hitherto  unknown  to  oi 
— are  of  interest  as  showing  the  apparently  dose  relationship  of 
that  form  to  TheeodontoaauruB  and  AnchiBaurus,  Judging,  however, 
from  Prof.  Marsh's  figures  of  the  hind  foot  of  the  latter,  there  ii 
some  error  in  the  restoration  of  the  foot  of  Dimodo8awru8  given  on 
p.  219  of  the  work  before  us. 

Space  does  not  permit  of  a  detailed  notice  of  the  remaining  portion 
of  the  text  devoted  to  the  other  Reptiles,  nor  of  the  chapters  on 
Archaopteryx  and  the  Mesozoic  Mammals.  We  cannot,  however,  pass 
without  notice  the  comparison  on  pp.  244,  245,  between  Pterodac- 
tyles  and  Bats ;  and  the  suggestion,  however  guarded,  of  any  affinity 
between  the  two.  Here  the  author  does  not  seem  to  know  his  own 
mind ;  either  Pterodactyles  or  Bats  are  or  are  not  connected ;  if  they 
are,  well  and  good ;  but  if  they  are  not,  we  fail  to  see  how  the 
former  can  in  any  sort  of  way  lessen  the  interval  dividing  Mammals 
from  Reptiles. 

We  offer  our  congratulations  to  the  Professor  on  having  at  length 
reached  the  end  of  the  long  task  he  has  set  before  himself.      R.  L. 


II.— The  Lipk  and  Lktters  op  the  Reverend  Adam  Sedgwick, 
LL.D.,  D.C.L.,  F.R.S.,  etc.  By  J.  W.  Clabk,  M.A.,  F.S.A.,  and 
T.  McKenny  Hughes,  M.A.,  F.R.S.,  etc.  Two  vols.  8vo. 
pp.  539,  640;  with  Portraits,  Maps,  and  other  Illustrations. 
(Cambridge,  at  the  University  Press,  1890.) 

IT  is  well  that  the  Biography  of  Adam  Sedgwick  has  been 
published,  for  no  one  can  read  the  record  of  his  life  without 
feeling  the  better  for  it  Seventeen  years  have  passed  since  the 
"  First  of  Men "  (as  Sedgwick  was  known  among  his  scientific 
associates)  passed  away  from  earthly  scenes;  and  there  is  indeed 
some  reason  to  regret  that  the  work  was  not  sooner  published. 
Intimate  friends  of  Sedgwick  have  lamented  the  delay,  and  geologists 
who  are  more  or  less  interested  in  the  Cambro-Silurian  controversy, 
have  wished  for  a  fuller  account  of  the  circumstances  which  for  a 
number  of  years  obscured  much  of  the  great  work  done  by  Sedg- 
wick. His  claims,  however,  to  a  foremost  place  among  the  founders 
of  our  science  have  not  been  questioned  ;  his  particular  work  now-a- 
days  receives  adequate  acknowledgment;  and  as  the  years  roll  by 
there  is  a  growing  disposition  to  deal  amicably  with  the  vexed 
subject  of  Palaeozoic  nomenclature. 

So  far  as  the  Biography  of  Sedgwick  is  concerned,  we  question  if 
the  delay  has  been  at  all  prejudicial.  Prof.  Hughes,  who  originally 
took  in  hand  the  task,  found  himself  unable  to  devote  the  neoeasaiy 
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time  to  the  work,  and  fortanately  seeared  the  skilled  help  of  Mr. 
Clark,  to  whom  we  owe  the  greater  portion  of  the  two  volymes. 
I'huB,  more  ample  jastioe  has  been  done  to  the  life  and  times  of 
Sedgwick,  than  could  have  been  the  case  with  a  less  exhaustiTe 
collection  and  consideration  of  the  materials ;  and  there  are  many 
who  hold  that  the  life  of  a  man  should  not  be  published  until  at 
least  twenty-five  years  after  his  death. 

Not  geologists  alone,  but  all  to  whom  biography  has  attraction, 
will  welcome  these  volumes,  bringing  before  us  as  they  do  the  chief 
incidents  in  the  life  of  ''a  Master  among  Philosophers"  and  '*a 
singularly  genial  and  loveable  man."  The  accounts  which  Sedgwick 
himself  has  given  of  the  manners  and  customs  of  the  people  of  Dent» 
where  he  was  bom  in  1785,  form  one  of  the  most  attractive  portions 
of  the  first  volume.  To  this  Yorkshire  village  he  returned  again 
and  again  in  after-life,  ever  regarding  it  with  affection.  In  old  times 
"  there  was  kept  alive  a  feeling  of  fraternal  equality  *'  among  the 
several  classes  of  inhabitants ;  and  while  there  still  lived  some  who 
had  known  Sedgwick  in  his  youth,  he  never  visited  Dent  without 
hearing  his  Christian  name  uttered  by  the  dalesmen. 

One  of  his  early  employments  on  a  half-holiday  during  the  period 
he  attended  the  Grammar  School  at  Dent,  was  to  collect  the  con- 
spicuous fossils  of  the  Mountain  Limestone  of  his  native  valley. 
While,  however,  these  rambles  aided  to  establish  a  taste  for  out-door 
observations,  it  was  many  years  before  Sedgwick  gave  any  systematic 
attention  to  geology.  Proceeding  to  Cambridge  in  1804,  he  entered 
Trinity  College,  and  was  admitted  to  the  Degree  of  Bachelor  of  Arta 
in  1808,  when  his  name  stood  fifth  in  the  first  class,  or  Wranglers. 
We  may  pass  briefly  over  his  early  college  experiences,  but  it  is 
important  to  mention  that  he  overworked  himself  in  preparing  for 
his  Fellowship  examination,  and  the  chronic  ill-health  from  which 
he  suffered  during  the  rest  of  his  life  may  be  traced  to  the  strain  he 
endured  during  this  period.  For  several  years  he  was  occupied  as 
Private  Tutor  and  afterwards  as  Assistant  Mathematical  Tutor  at 
Trinity  College. 

His  wish  had  been  to  read  for  the  Bar,  but  as  it  became  necessary 
to  create  an  independence  for  himself  as  soon  as  possible,  he  was  led 
to  enter  the  Church,  for  which,  at  the  time,  he  had  no  very  decided 
inclination.  Indeed,  bis  resolution  to  read  divinity  was  not  at  first 
carried  out  with  much  vigour,  for  it  appears  that  in  the  following 
vacation  Bos  well's  Life  of  Johnson  was  the  only  book  that  occupied 
his  attention.  His  work,  however,  at  this  time,  whether  mathematical 
or  theological,  did  not  arouse  his  enthusiasm  ;  he  felt  his  life  to  be 
one  of  rather  dull  uniformity,  while  his  health  unfitted  him,  now 
and  in  after-life,  for  long  continued  sedentary  labour.  During 
holiday  excursions  in  1813  we  find  him  visiting  the  iron-mines  of 
Furness  and  the  copper-mines  near  Conistou  ;  but  two  years  later, 
at  Dent,  geology  had  not  gained  his  affections,  for  he  was  constantly 
out  on  the  moors,  where  he  "  killed  a  good  many  birds."  In  1817 
he  was  ordained  Deacon,  and  in  the  following  year  he  was  admitted 
to  Priest's  Orders. 
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.  Now  came  the  orisis  of  his  life.  Sedgwick  was  thirty-tbree  yeiri 
of  age,  when  it  was  announced  that  the  Rev.  John  Hailstone,  who 
had  been  Woodwardian  Professor  of  Geology  since  1788,  was  pro- 
posing to  vacate  the  office.  Sedgwick  had  no  special  claims  to 
justify  him  in  becoming  a  candidate ;  he  desired  a  motive  for  active 
exertion  in  a  way  that  would  promote  his  intellectual  improvement 
He  was  opposed  by  Gorham  (subsequently  of  controversial  fame), 
but  Sedgwick,  who  was  supported,  as  a  man  of  talent,  by  his  College, 
polled  186  votes  against  59  of  his  rival.  Sedgwick  remarked, 
•*  Hitherto  I  have  never  turned  a  stone ;  henceforth  I  will  leave  no 
stone  unturned,"  and  the  energy  and  enthusiasm  witb  which  he  tei 
to  work  is  well  told  in  these  pages.  His  earliest  lessons  were  taken 
alone  in  the  field,  with  the  maps  of  William  Smith  in  his  hand, 
when  he  traversed  on  foot  the  Cretaceous  and  Oolitic  rocks  of 
Wiltshire  and  Somersetshire.  To  quote  from  the  volume  before  us, 
'*  He  always  contrived  to  combine  a  larg:e  amount  of  amusement 
with  business.  *That  lively  gentleman  Mr.  Sedgwick,'  as  he  wss 
called  by  a  stranger  who  met  him  in  a  stage-coach,  had  a  happy 
knack  of  making  himself  agreeable  to  everybody  with  whom  he 
happened  to  be  brought  into  contact,  and  his  geological  tours  gave 
him  a  wide  and  varied  experience  of  mankind.  With  all  sorts  and 
conditions  of  men,  quarrymen,  miners,  fishermen,  smugglers,  shep- 
herds, artisans,  grooms,  inn-keepers,  clergy  of  all  denominations, 
squires,  noblemen — he  was  equally  communicative,  and  soon  became 
equally  popular.  He  could  make  the  most  silent  talk,  and  could 
extract  information  and  anmsement  out  of  materials  that  seemed  at 
first  sight  destitute  of  either  quality." 

We  are  told  how  he  made  acquaintance  with  J.  J.  Conybeare,  and 
afterwards  with  his  more  distinguish ished  brother  W.  D.  Conybeare, 
whom  Sedgwick  came  to  regard  as  his  Master  in  Geology.    As  early 
as  1819  he  began  to  make  original  observations,  and  between  that 
date  and  1827  he  explored  much  of  the  West  of  England,  Yorkshire, 
Durham,   and  the  Lake   Dintrict.      Accounts  of   his  journeys  are 
communicated  in  letters ;  and  indeed  throughout  his  life,  Sedgwick 
was  a  capital  letter- writer.     ITie  records  of  these  early  investigations 
are  especially  interesting,  for  Sedgwick  explored  the  districts  for 
the  most  part  on  foot,  carrying  heavy  burdens  of  rocks  and  fossils, 
and  finding  shelter  after  the  labours  of  the  day  at  one  of  the  country 
inns.      Occasionally  we    find    him    accompanied    by   Henslow  or 
Whewell ;    but   his  chief   work   in   early   years   was  done   alone. 
When  at  Cambridge,  "  He  was  probably  the  most  popular  man  in 
the  college,  and  his  rooms  the  chief  centre  of  attraction.     Intimate 
friends  were  glad,  when  their  own  work  was  over,  to  enjoy  his 
original  conversation,  and  not  seldom  his  extravagant  fun.  ...    Of 
the  leading  men  in  Cambridge  sixty  years  ago,  no  one  made  so 
lasting  or  so  favourable  an  impression  on  all  who  were  brought 
into  contact  with  him  as  Sedgwick." 

We  must,  however,  pass  rapidly  over  the  many  intei*e8ting  topics 
that  are  brought  forward  in  these  volumes.  Throughout  his  life  much 
of  Sedgwick's  time  was  occupied  in  matters  relating  to  his  College 
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or  the  University ;  he  became  Vice-Master  of  Trinity  College,  and 
Secretary  to  the  Chancellor  (Prince  Albert) ;  and  he  took  a  prominent 
part  in  election  contests.  His  geological  work  shows  how  "by 
steady  application  a  man  of  talent  may  be  able  to  make  observations 
of  the  first  order  in  the  field  two  years  after  commencing  the  study 
of  the  subject."  He  was,  however,  slow  to  publish  the  results  of 
his  labours,  and  sometimes  four  or  five  years  elapsed  before  his 
observations  were  worked  out.  His  acquaintance  with  Murohison 
commenced  in  1827,  and  the  two  friends  were  soon  journeying 
together  to  the  Highlands,  and  ultimately  to  parts  of  Wales  and 
Devonshire.  If  it  is  regretted  that  Sedgwick  never  married,  and 
indeed  refused,  in  1 882,  a  comfortable  living  in  the  south  of  England, 
it  may  be  questioned  if  he  would  have  done  more  for  science  (as 
Lyell  suggested),  for  he  could  not  then  have  continued  his  long 
and  arduous  excursions.  His  friend  Conybeare  writes  in  1828: 
'*  I  shall  not  be  very  efficient  in  the  field,  for  I  have  not,  from  the 
demands  of  a  large  family,  either  time  or  funds  for  much  touring." 

Particular  accounts  of  Sedgwick's  work  in  Wales  are  given,  with 
faoRimiles  of  some  of  his  MS.  sections ;  and  when  he  had  practically 
completed  his  explorations  in  1846,  at  the  age  of  61,  he  says  he 
had  the  precise  general  views  he  had  at  the  end  of  1832,  of  coarse 
with  infinitely  improved  details  and  better  sections.  It  was  not, 
however,  till  1852  that  matters  were  entirely  cleared  up,  when  the 
Caradoc  Sandstone,  which  had  been  the  main  source  of  difficulty  and 
confusion,  was  clearly  separated  from  the  May  Hill  Sandstone  by 
Sedgwick,  with  the  aid  of  M*Coy.  The  unfortunate  association  of 
these  strata  by  Murchison  was  doubtless  the  cause  of  the  Cambro- 
Silurian  troubles,  and  Murchison  admits  that  it  was  not  he  "who 
made  Cambrian  into  Lower  Silurian,  but  the  Government  surveyors 
and  palaeontologists.*'  Sedgwick's  views,  too,  became  misinterpreted, 
owing  to  unauthorized  alterations  in  one  of  his  papers  published  by 
the  Geological  Society,  so  that  De  la  Beche  was  led  to  remark  to 
him,  "  Sedgwick,  you  have  given  up  a  very  good  nomenclature !  " 

Geologists  now  in  the  Biographies  of  Sedgwick  and  Murchison 
have  ample  material  in  which  to  read  the  history  of  the  great  work 
done  by  these  old  masters.  In  his  latest  work,  Sedgwick  thus 
speaks  of  the  "Silurian  System"  of  his  comrade: — "But  the  chief 
honour  will  ever  be  given  to  the  author  of  the  System,  who  brought 
the  materials  together  and  arranged  them  jn  that  manner  in  which 
they  are  seen  in  his  splendid  work.  Under  his  hands  the  older 
PalsBOZoic  Geology  had  assumed  a  new  and  nobler  type."  These 
generous  words,  penned  by  Sedgwick  the  year  before  he  died,  urge 
us  to  deal  in  the  same  spirit  with  the  respective  claims  of  Sedgwick 
and  Murchison  to  fix  the  nomenclature  of  our  older  Palaeozoic  rocks. 
The  order  of  succession  is  not  in  dispute.  The  claims  of  science 
stand  before  purely  personal  matters.  A  threefold  division  of  these 
rocks  has  been  found  most  convenient,  so  that  the  new  term 
Ordovician,  proposed  in  place  of  the  Upper  Cambrian  of  the  one 
author  and  the  Lower  Silurian  of  the  other,  has  been  widely 
adopted.     By  its  use  students  at  once  understand  the  series  of  strata 
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it  implies,  and  if  it  fails  to  satisfy  the  partioolar  advooates  of 
Sedgwick  and  Murohison,  this  itself  is  an  indication  that  jiutioe 
has  been  done. 

Sedgwick's  whole  life  was  dominated  by  an  intention  to  write  a 
general  work  upon  the  PalsBOzoio  rocks  of  this  country.  His  health, 
however,  and  his  many  engagements  prevented  his  giving  suffident 
energy  and  time  to  the  accomplishment  of  this  particular  work, 
llie  second  volume  of  his  Biography  is  largely  occupied  witli  his  life 
at  Norwich,  at  which  place  he  resided  for  a  portion  of  each  year 
from  1834,  when  he  was  appointed  to  a  Prebendal  Stall  in  the 
Cathedral.  The  life  in  the  old  city  was  congenial,  and  as  a  friend 
writes,  ''Under  his  roof  we  learnt  the  true  meaning  of  the  won! 

*  hospitality.' "  Canon  Robinson  contributes  a  chapter  dealing  with 
the  life  at  Norwich  which  is  full  of  interest  Some  of  Sedgwick's 
stories  are  there  narrated,  including  the  account  of  '*  The  Lady  and 
the  Shilling."  This  is  given  as  happening  in  Wales.  In  Caroline 
Fox's  "Memories  of  Old  Friends"  (Ed.  2,  1882,  vol.  i.  p.  70)  the 
incident  is  mentioned,  as  happening  to  Sedgwick  when  walking 
from  Falmouth  to  Truro;  and  Miss  James,  an  eccentric  lady,  is 
stated  to  have  given  him  the  shilling,  and  to  have  met  him  at  dinner 
the  same  evening. 

•  The  volumes  contain  several  touching  and  amusing  anecdotes,  as 
well  as  reminiscences  of  famous  men  and  women,  of  Wordsworth, 
Jenny  Lind,  Livingstone,  and  many  others,  and  accounts  of  A'isits 
paid  to  the  Queen  and  Prince  Albert  There  is  a  history  of  the  old 
Woodward ian  Professors,  and  a  portrait  and  biography  of  John 
Woodward :  but  we  must  refer  our  readers  to  the  volumes  for 
accounts  of  these  and  many  other  interesting  matters  which  space 
would  not  allow  of  our  mentioning.^ 


in. — The  Geological  Features  of  the   North   Staffordshire 

CoAL-FlELDR,  THEIR  OrOANIG  HeMAINS,  THEIR  RaNOB  AMD  DIS- 
TRIBUTION ;  WITH  A  Catalogue  of  the  Fossils  of  the  Carboni- 
ferous System  of  North  Staffordshire.*'  By  John  Ward, 
F.G.S.  [Trans.  N.  Staffs.  Inst  Mining  and  Mechan.  Engineers, 
vol.  X.  1890,  pp.  1-189,  pis.  i.-ix.] 

FOR  the  last  thirty  years  the  author  of  the  present  volume  has 
been  engaged  in  investigating  the  stratigraphy  and  palseont- 
ology  of  the  North  Staffordshire  Coal-fields.  During  the  progress 
of  the  Geological  Survey  of  the  area  in  question,  Mr.  Ward  rendered 
much  aid  in  matters  which  none  but  a  constant  observer  upon  the 
spot  could  satisfactorily  elucidate:  and  for  many  years  his  unique 
collection  of  Coal-measure  Fishes  has  formed  the  basis  of  important 
memoirs  by  the  late  Sir  Philip  Egerton,  Prof.  John  Young,  and 
Dr.  R.  H.  Traquair.  The  whole  of  the  collecting  has  been  carried 
on  systematically,  each  fossil  being  marked  with  the  name  of  the 

^  A  short  biography  of  Sedgwick,  accompanied  by  a  portrait,  and  list  of  his 
principal  pa[)er8,  was  printed  in  the  Gbol.  Mao.  for  April,  1870,  p.  146.  The  year 
of  his  birth  is  there  given  as  1784 ;  it  should  be  1785. 
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precise  stratum  from  which  it  was  obtained ;  and  while  most  groups 
of  organisms  occurring  in  the  British  Coal-measures  are  well  repre- 
sented, the  fish-remains  are  especially  valuable  as  displaying  so 
many  anatomical  details  that  are  rarely  shown  in  other  collections. 

A  general  summary  of  the  results  of  such  patient  investigations 
is  always  welcome ;  and  the  work  before  us  has  the  appearance  of 
no  hurried  sketch,  but  of  a  fully  matured  series  of  conclusions.  The 
Stratigraphical  Section  occupies  half  the  volume  and  embodies  the 
author's  personal  observations;  while  in  the  Paleontological  Section 
the  assistance  of  several  well-known  specialists  has  been  secured, 
Mr.  R.  Eidston  having  determined  the  plants,  Mr.  R.  Etheridge 
having  described  and  determined  many  of  the  invertebrate  fossils, 
while  most  of  the  novelties  among  the  Oanoid  fishes  are  treated  by 
Dr.  R.  H.  Traquair. 

The  district  described  is  bounded  on  the  eastern  margin  by  the 
Carboniferous  Limestone  of  Derbyshire,  on  the  southern  and  western 
margins  by  the  Lower  Permian  and  Triassic  formations;  and  some 
preliminary  remarks  are  offered  on  the  surrounding  Lower  Carboni- 
ferous and  Permian  deposits  before  entering  upon  the  proper  subject 
of  the  work.  Four  distinct  basins  are  recognized : — the  Pottery 
Coal-field,  that  of  Wetley  and  Shafferlong,  that  of  Goldsitch  Moss, 
and  that  of  Cheadle.  £ach  of  these  is  described  in  detail,  with 
numerous  pit-sections  and  lists  of  fossils,  almost  all  of  which  are 
now  for  the  first  time  published.  The  total  vertical  thickness  of  the 
coal-  and  ironstone-bearing  strata  in  the  Pottery  Coal-field  is  about 
8961  feet;  the  Wetley  and  Shafferlong  Coal-field  is  comparatively 
insignificant ;  the  corresponding  measures  of  Goldsitch  Moss  are  not 
of  much  commercial  value,  and  probably  do  not  exceed  700  feet 
in  thickness ;  while  the  Cheadle  Coal-field  is  also  small,  though 
comprising  twelve  workable  seams  of  coal  of  an  aggregate  thickness 
of  over  40  feet,  besides  a  valuable  bed  of  hcematite  which  is  mined 
at  the  base  of  the  series.  All  the  more  important  horizons  are 
described  with  their  local  names ;  and  an  attempt  is  made  to  divide 
the  measures  of  each  Coal-field  into  an  Upper,  Middle,  and  Lower 
group.  For  the  most  part  these  details  will  be  appreciated  by  the 
mining  engineer  rather  than  by  the  ordinary  geologist;  but  the 
interest  of  the  latter  is  sustained  by  the  series  of  lists  of  the  fauna 
and  flora,  which  indicate  the  various  changes  in  physical  conditions 
during  the  deposition  of  the  successive  beds. 

The  "  Catalogue  of  Organic  Remains  "  is  systematically  arranged, 
the  principal  literature- references,  besides  localities  and  horizons, 
being  appended  to  each  species  from  the  Coal -Measures.  Among 
the  MoUusca,  two  new  species.  Anthracomya  Wardi  and  SanguinO' 
lites  granuIaiuSf  are  described  by  Mr.  Etheridge,  and  the  last 
mentioned  is  also  figured.  On  the  same  plate  several  other  Molluscs 
of  the  genera  Anthracosia,  Anthracomyaf  Modiola  and  Qoniatiies^  are 
likewise  well  illustrated,  in  addition  to  species  of  Diacina,  Chattetes, 
and  Lingulaf  and  part  of  the  spiny  Myriapod,  Euphoberia.  More 
detailed  notices  of  the  Fishes  and  Amphibia  are  given,  and  these  form 
the  subject  of  no  less  than  eight  plates,  of  which  one-  is  large  and 
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folded.  Among  Elasmobranob  Fishes,  Orihaeanihn»  is  retained  as  a 
genus  distinct  from  Pleuraeanthus ;  a  new  form  of  tooth  is  named 
Diplodtia  equilateralis ;  and  a  specimen  of  Clenoptychiua  apicalis  is 
described  as  showing  minute  dermal  tubercles,  but  no  fin-spines. 
Ctenodus  Mnrchisoni  is  briefly  described  for  the  first  time;  and 
Dendroptyehius  is  relegated  to  the  synonymy  of  Strepsodus  sauroidei. 
A  description  of  Megaltchthys  pygnuetUy  sp.  nov.,  is  contributed  by 
Dr.  Traquair,  with  figui*es ;  and  to  the  same  ichthyologist,  or  to 
Mrs.  Traquair,  are  due  several  drawinpjs  of  Palseoniscid  and  Platyso- 
mid  Fishes,  notably  those  of  Elonichthys  microleptdotus,  Gonatodus 
Molyneuxi,  Rhadtnichthys  Wardi  and  Platysomus  parvubis,  all  of  which 
appear  for  the  first  time.  Brief  notes  on  the  Labyrinthodonts  con- 
clude the  catalogue,  and  these  are  illustrated  by  figures  of  Kera' 
terpeton  Oalvani,  and  a  mandibular  ramus  of  Loxomma  Allmani, 

The  North  Staffordshire  Institute  and  their  publishers  are  to  be 
congratulated  on  the  excellent  style  in  which  this  volume  is  issued; 
and  it  is  to  be  hoped  that  at  least  the  palsBontological  aspect  of  the 
subject  will  be  still  further  treated  by  Mr.  Ward  in  more  special 
publications.  A.  S.  W. 


IV. — WisNiosKi,  Thaddkus.  Mikrofauna  ilow  ornatowych 
OKoLiCY  Krakowa.  Czeso  1.  Otwornice  gornego  Kellowayu 
w  Grojcu.  [Foraminifera  of  the  Kelloways  Beds  of  Grojce.] 
Pamietnik  Ak,  Umlej.  Krakowie,  vol.  xvii.  3  plates.      (1890) 

THE  author  describes  the  rich  foramini feral  fauna  of  the  Kelloways 
beds  (Oaliovian)  of  Grojce.  These  marls,  about  six  feet  thick, 
are  on  the  horizon  of  Cosmoceras  omatum  (Schloth.),  and  we  are 
already  indebted  to  M.  Teisseyre  for  a  description  of  the  Cephalopoda 
found  therein.  The  author  notes  124  **  species  **  of  Foraminifera, 
60  of  which  he  unfortunately  sets  down  as  **  new."  With  most  of 
these  determinations  we  are  forced  to  disagree ;  and  cannot  help 
feeling  that  many  of  them  might  have  been  correlated  with  forms 
previously  described,  the  well-known  variation  in  the  test  of  these 
simple  animals  having  been  shown  to  have  but  little  specific  or 
even  generic  value  by  Parker  and  Jones,  Brady,  Goes,  and  other 
authors,  who,  from  a  long  and  careful  study  of  the  recent  forms, 
have  contributed  so  much  to  the  reduction  of  the  "species"  of  earlier 
authors.  We  regret,  therefore,  that  recent  writers,  who  have  not 
the  same  advantage  of  studying  fine  collections  from  present-day 
deposits,  do  not  hesitate  to  name  as  specific  the  smallest  individual 
variations.  Thus  figs.  29  to  36  of  pi.  ii.  (ix.)  in  M.  Wisnioski's 
paper  cannot  be  referred  to  more  than  one  and  the  same  *'  species," 
the  variation  being  merely  individual ;  and  the  same  may  be  said  of 
figs.  7  to  16  and  18  to  20  of  the  same  plate.  Fig.  28  of  plate  iii.  (x.) 
is  a  true  Oristellarian,  as  evidenced  by  the  characteristic  mouth 
shown  in  fig.  b. ;  figs.  1,  3,  4,  5,  and  11  of  pi.  iii.  (x.)  also  all 
belong  to  one  "  species  *' ;  and  it  is  difficult  to  imagine  how  the 
author  arrives  at  the  conclualon  that  he  la  here  dealing  with  distinct 
Bpeciea.     We  are  muoli  iudeblb^  lo  ^.  N^\«o:\^\3«:\  \sxt  ^^tv\^^  xfcAsa 
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Jurassic  Foraminifera ;  but  have  felt  bound  to  call  attention  to  such 
unnecessary  multiplication  of  specific  names  in  a  group  already  so 
largely  complicated  by  this  faulty  treatment.  We  do  not  now  name 
as  new  every  slight  variation  of  hair  or  feathers  in  the  Vertebrata ; 
and  the  surface-markings  and  shape  of  the  Foraminifera  are  almost 
exactly  parallel  in  value.  A  brief  abstract  in  French  will  be  found 
in  the  BuLL  Ac.  Set.  Cracovie,  for  February,  1890.  C.  D.  S. 


V. — On  soms  Australian  Spboirs  of  th«  Family  Archjboota- 
THiNJB.  By  R.  Etheridob,  jun.,  Palseontologist  to  the  Australian 
Museum  and  Geological  Survey  of  N.  S.  Wales.  Transactions 
of  the  Koyal  Society  of  South  Australia,  1890,  pp.  10-22,  pis. 
11.  111. 

HITHERTO  the  fossils  belonging  to  this  family  have  only  been 
definitely  known  from  the  Cambrian  strata  of  Labrador,  New 
York  State,  Nevada,  Spain,  and  Sardinia,  although  some  badly- 
preserved  specimens  from  supposed  Devonian  rocks  of  New  South 
Wales  were  referred  many  years  since  by  Prof.  De  Koninck  to  the 
genus  ArchcBocyaihuB.  These  fossils  have  unfortunately  since  been 
destroyed  by  fire,  so  that  their  real  nature  must  remain  undetermined ; 
but  if  they  were  correctly  referred  to  the  above  genus,  the  rocks 
from  whence  they  come  are  probably  much  older  than  the  Devonian 
period.  That  forms  closely  allied  to  Archaocyathus  do,  however, 
occur  in  Australian  rocks,  is  very  conclusively  shown  in  the  present 
paper,  which  contains  descriptions  of  new  species  of  Elhmophyllum, 
Coscinoeyathua  and  Protophareiraf  hardly  to  be  distinguished  from 
the  typical  forms  of  these  genera  in  the  rocks  of  North  America  and 
Sardinia.  The  Australian  fossils  are  from  limestone  strata  at 
Ardrossan,  Yorke's  Peninsula,  Kanyka,  north-east  of  Perth  Augusta, 
and  some  other  localities  in  the  Flinders  Range  still  further  to  the 
north ; — all  in  the  colony  of  South  Australia.  The  specimens  are 
for  the  most  part  imbedded  in  the  hard  rock,  and  can  therefore  only 
be  studied  in  sections;  not  only  in  form  but  also  in  mineral  structure 
they  show  a  close  similarity  to  specimens  from  Sardinia  and  North 
America,  and  this  resemblance  is  not  limited  to  the  fossils  merely, 
but  includes  the  matrix  as  well,  so  that  hand-specimens  of  the 
Archaocyathtu  limestones  from  Yorke*s  Peninsula  could  scarcely  be 
separated  from  pieces  of  rock  similarly  filled  with  these  organisms, 
from  the  Labrador  coast  or  from  Sardinia. 

Owing  to  the  way  in  which  the  fossils  are  preserved,  it  is  very 
difficult  to  ascertain  specific  details,  and  Mr.  Etheridge  has  acted 
wisely  in  not  increasing  the  number  of  species  on  necessarily 
imperfect  data ;  but  it  is  probable,  considering  the  great  number  of 
specimens  in  the  rock,  that  further  forms  will  yet  be  made  out. 
The  geological  horizon  of  these  Australian  Archaocyaihus  limestones 
— or  at  all  events  those  from  Yorke*s  Peninsula — has  already  been 
determined  by  the  presence  in  them  of  Trilobites  referred  by  Dr. 
H.  Woodward  to  the  genera  DoUchomeiopus  and  Conocephaliies  and 
allied  to  species  from  the  Potsdam  strata  di  I^^nv  Xo\V  (^ilq^^'^kql* 
1SS4,  pp.  3i2-3M),  and  the  correctness  ot  ftiia  T^iexevi'^^  Ha  ^^^^  '^^^ 
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finned  by  the  ooonrrenoe  of  the  ArohaBooyatbin»,  whioh  are  likewise 
associated  with  similar  Cambrian  Trilobites  in  New  York  and 
Canada.  In  Dr.  Woodward's  paper  the  relationship  of  the  Ardkn- 
cyniltus  forms  was  not  recognized,  but  they  were  supposed  to  be 
Corals. 

Mr.  Etheridge  further  describes  some  peculiar  miorosoopio  tnboli, 
referring  them  doubtfully  to  Girvanella.  Similar  forms  have  been 
noticed  by  Dr.  Bomemann  in  the  Cambrian  strata  of  Sardinia. 

This  paper  is  an  important  contribution  to  Australian  geology,  as 
it  definitely  proves  the  existence  in  that  continent  of  a  well-marked 
horizon  of  Cambrian  rocks  closely  corresponding  to  the  Lower 
Cambrian  of  the  Northern  Hemisphere. 


WIND  WAVES  AND  TIDAL  CURRENTS. 

Sib, — Mr.  T.  Mellard  Reade,  in  putting  before  the  readers  of  the 
Gkologigal  Magazine  his  views  on  the  origin  of  the  Lower  Trias 
(Gkol.  Mag.  Feb.  April,  and  June,  1890)  drew  from  Mr.  Arthur 
E.  Hunt,  F.L.S.,  a  letter  on  "  Tidal  Action,"  in  which  the  latter 
denies  the  power  of  tidal  currents  to  do  the  work  invoked  by  Mr. 
Beade  in  bis  theory  of  the  marine  origin  of  the  pebbles  of  the  Bunter. 

Mr.  Hunt  writes  (Gkol.  Mag.  April,  1890,  p.  191)  as  followe: 
"  It  may  be  well  to  point  out  one  line  of  evidence  which  seems  to 
have  been  overlooked  by  the  supporters  of  the  tidal  theory,  i.e.  the 
zoological."  He  gives  the  Fnglish  Channel  as  an  exoellent  test 
case,  and  remarks,  that  "  if  unchecked  tidal  currents  are  anywhere 
resistless,  they  should  be  so  here.  Do  these  tidal  currents  disturb 
the  gravel,  or  sand,  or  even  the  mud  on  the  Channel  bottom  ?  The 
marine  fauna  of  the  district  answers  this  question  with  an  emphatic 
negative.*'  And  again,  "The  presence  of  this  Molluscan  fauna  in 
these  very  exposed  localities  is  good  proof  that  unchecked  tidal 
currents  sweeping  over  a  fairly  level  sea-bottom  are  incapable  by 
their  own  unassisted  efforts  of  raising  the  sand." 

Now  without  entering  into  the  discussion  of  the  main  question 
raised  by  Mr.  Reade,  I  beg  to  offer  the  following  observations  on  the 
line  of  evidence  suggested  by  Mr.  Hunt,  viz.  the  power  of  wind 
waves  and  tidal  currents  to  disturb  the  sand  or  mud  of  the  sea- 
bottom.  To  this  end,  I  quote  the  practical  experience  of  a  well- 
known  French  marine  zoologist,  M.  Hermann  Fol,  of  the  zoological 
laboratory  at  Nice,  who  in  his  yacht  "  Amphiaster,"  was,  last  year, 
entrusted  with  a  mission  by  the  French  Minister  of  Public  Instruc- 
tion, to  explore,  from  a  zoological  point  of  view,  the  littoral  of 
Corsica  and  Tunis. 

M.  Fol  is  in  the  frequent  habit  of  donning  the  diver's  dress  and 
descending  to  depths  of  from  30  to  100  feet  and  upwards  in  search 
of  marine  organisms.  Quoting  from  a  recent  paper  (Rev.  Sci.  June 
7th,  1890)  M.  Fol  says,  **  When  there  is  a  swell  on  the  water,  the 
task  of  the  diver  becomes  very  difficult.     He  is  constantly  tossed 
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about  in  spite  of  himself  and  an  irresistible  force  makes  him  oscillate 
like  a  pendalum. 

This  see-saw  motion  of  the  water,  which  is  the  counterpart  of  the 
swell  on  the  surface,  is  felt  nearly  as  much  at  30  metres  (99  feet)  as 
at  10  metres  of  depth. 

It  cannot  be  attributed  to  the  surf,  due  to  the  vicinity  of  the 
coast,  since  the  fishermen  who  use  trawl  or  drag  net  upon  extensive 
banks,  situated  quite  out  at  sea,  know  that  after  a  storm,  these 
banks  at  50  ms.  (164  feet)  and  more,  below  ihe  level  of  the  sea,  are 
completely  swept  dear  of  their  ueual  inhabitanU" 

If,  then,  the  movement  of  the  water,  as  described  by  M.  Fol,  is 
felt  at  such  depths  in  the  Mediterranean  Sea,  how  much  more 
powerful  must  be  the  storms  or  currents  of  the  English  Channel 
to  disturb  gravel  or  sand,  or  temporarily  displace  the  marine  fauna  ? 
The  fact  that  Molluscs  still  exist  in  an  area  swept  by  occasional 
storms  and  open  to  currents  generated  by  tidal  waves  seems  scarcely 
to  warrant  Mr.  Hunt's  assumption  that  tidal  action  has  no  influence 
whatever  on  the  sea-bottom.  Mabk  Stibbup. 

BowDow,  Chbsbuis. 


WILLIAM    KITCHEN    PARKER,    F.R.S. 

Born  Jcne  2S,  1823;  Deed  July  3,  1890. 

The  late  and  deeply  lamented  Professor  William  Kitchen  Parker, 
r.R.S.,  F.L.S.,  F  R.M.S.,  eta,  was  bom  June  23,  1828,  and  died 
suddenly  July  3,  1890.  He  was  a  Biologist  in  the  widest  sense  of 
the  term,  having  systematically  studied  all  grades  of  living  organisms 
in  both  the  Vegetable  and  the  Animal  World.  His  life  throughout, 
from  boyhood  onward,  was  largely  devoted  to  the  study  of  the  bony 
structure  of  Vertebrates,  but  botanical  research  in  early  days,  and 
a  wide  examination  of  rhizopodal  organisms,  were  rival  pursuits, 
until  bis  energies,  well  and  bravely  continued  through  ill-health, 
were  more  especially  given  to  the  elucidation  of  embryonic  mor- 
phology, or  the  developmental  growth  of  the  skull  and  other  parts 
of  the  Vertebrate  skeleton.  The  results  of  this  long-continued  and 
enlightened  study  gave  him  a  world-wide  reputation  ;  and  his  lines 
of  research  in  this  pursuit,  grounded  on  the  work  already  done  by 
Hathke,  Gegenbauer,  and  Huxley,  have  led  to  a  great  advancement 
in  Biology,  both  for  professors  and  students. 

Geologists  are  indebted  to  Professor  W.  K.  Parker's  knowledge 
of  Osteology  for  thoughtful  notes  on  the  Arohasopteryx  (Geol.  Mao. 
1864,  pp.  66-67),  and  on  Fossil  Birds  from  the  Zebbug  Cave  in 
Malta  (Proceed.  Zool.  Soc.  1865,  and  Trans.  Zool.  Soc.  1869) ;  and 
his  perfect  acquaintance  with  Khizopoda  was  shown  in  the  treatment 
of  several  series  of  fossil  Foraminifera,  in  joint  papers  with  others. 
His  rhizopodal  studies  were  taking  shape  in  1866  (and  probably 
before),  when,  examining  fresh  marine  material  from  Bognor,  and 
much  larger  supplies  from  Sponge-sands,  and  from  among  East- 
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Inrlian  shells,  he  collected,  moiinted,  and  carefully  drew  a  vut 
series  of  Forarainifera  and  other  Microzoa.  By  the  friendly  advice 
of  Professoi's  W.  Crawford  Williamson  and  T.  Bupert  Jones,  he  then 
systematically  treated  the  Foraminifera  as  a  special  study.  One 
of  the  first  results  was  his  paper  '*  On  the  MiliolitidsB  of  the  East- 
Indian  Seas  "  (Trans.  Microsc.  Soa  n.s.  vol.  vi.  1858,  pp.  58-59). 
A  joint  paper  on  the  Foraminifera  of  the  Norwegian  coast,  puhlished 
in  the  Ann.  Mag.  Nat.  Hist  April,  1857,  became  the  basis  of  a  larger 
memoir,  on  the  Arctic  and  North- Atlantic  Foraminifera,  in  the  Phil. 
Trans.  1865.  A  senes  of  papers  followed,  on  the  Nomenclature  of 
the  Foraminifera,  explaining  the  real  relationship  of  the  hitherto 
published  genera  and  species,  recent  and  fossil.  These  also,  written 
in  conjunction  with  T.  Rupert  Jones,  from  1859  to  1863,  and 
thence  with  H.  B.  Brady  also,  appeared  in  the  same  well-known 
periodical  until  1873.  In  the  meantime  notes  and  papers  were 
given  by  Parker  and  Jones  on  fossil  Foraminifera  from  Auckland 
(New  Zealand),  Mount  Gambier  (South  Australia).  Malaga  (Spain), 
Italy,  Malta,  Vienna,  Baijik,  etc.,  Chellaston  (Rhcetic?),  the  Chalk 
of  Gravesend  and  Meudon,  Mr.  Eley's  collection,  the  Creta- 
ceous Rotalina,  and,  with  Dr.  H.  B.  Brady,  the  Foraminifera  of  the 
Crag,  and  recent  and  fossil  Polymorphina,  in  various  publications.* 

Professor  Parker's  genius  colours  all  these  notes  and  papers ;  his 
wonderful  power  of  analysing  the  characters  of  obscure  organisms, 
and  of  comparing  and  contrasting  the  manifold  features  and  peculi- 
arities so  recognized,  is  traceable  thronghout.  His  great  natural 
talent  of  drawing  aided  much  in  the  work  of  elucidating  the  relation 
of  the  several  specific  forms  and  their  njanifold  varieties. 

Together  with  A.  d'Orbigny,  A.  E.  von  Reuss,  and  others,  Prof. 
Parker  has  done  much  (and  to  a  large  extent  with  greater  exactitude) 
towards  making  these  Rhizopodal  Microzoa  kno^n  as  to  definite 
morphological  groups,  and  as  to  their  exact  distribution  in  various 
geological  series, — thus  making  them  trustworthy  guides  in  the 
discrimination  of  strata,  whether  as  to  relative  age, — of  different 
kinds  of  sedimentation, — or  of  various  depths  of  deposition. 

Much  as  we  grieve  at  the  loss  of  so  acute  an  observer  and  so  good 
a  generalizer  in  one  branch  of  natural  science,  other  Naturalists  feel 
as  deeply  his  loss  as  of  a  painstaking  and  philosophical  biologist, 
whose  manifold  researches  and  discoveries  in  vertebrate  develop- 
ment, published  in  upwards  of  thirty  important  memoirs  in  the 
Transactions  of  the  Royal,  Linnean,  Zoological,  and  other  Societies, 
have  had,  and  still  will  have,  wide-spread  useful  influences.  Not 
the  less  will  a  great  circle  of  friends  and  relatives  long  mourn  for  a 
great  and  good  man, — an  enthusiastic  lover  of  Nature,  who  sought 
for  truth  with  simplicity  of  mind,  zeal  for  accurate  knowledge,  and 
kindly  consideration  for  fellow- workers ; — an  unselfish,  upright,  and 
true  Christian. 

^  8ee  the  Royal  Society's  **  Catalo^e  of  Scientific  Papers,*'  and  Mr.  C.  D. 
Sherbom's  **  Bibliography  of  the  Foranunifera.*' 
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I. — On  Variations  of  thk  Climate. 

By  Dr.  £dw.  Jade&in, 
of  the  Eoyal  Swedish  Academy  of  Sciences. 

HOW  often  do  we  not  hear  old  people  assert  that  when  they  were 
young  the  climate  was  quite  different ;  that  the  weather  was 
warmer  or  colder,  eta  ;  and  even  oomparatiyely  young  people  are 
sometimes  of  the  same  opinion.  It  is  most  natural  to  assume  that 
these  observers  have  been  misled  by  the  more  intense  impressions 
of  youth,  which  cause,  for  instance,  a  hot  summer,  bringing  with 
it  more  rural  pleasures  and  open-air  sports,  to  be  engraved  on  the 
mind  for  life.  On  the  other  hand,  should  the  early  years  be  accom- 
panied by  much  wet  weather  and  storms,  these  years  are  perhaps 
more  easily  forgotten,  as  the  monotonous  and  tedious  life  within 
four  walls  to  which  one  is  then  confined  does  not  leave  that  distinct 
impression  upon  the  youthful  mind  as  that  of  a  glorious  summer 
spent  out-of-doors.  However,  the  importance  of  the  question  and 
its  great  general  interest  demand  an  investigation  of  the  problem ; 
the  more  so  as  certain  scientific  theories  and  hypotheses  tend  to 
prove  that  a  change  in  the  climate  must  necessarily  take  place. 

If  we  assume  for  a  moment  that  the  observations  just  referred  to 
really  were  correct,  and  that  besides — as  many  people  also  believe — 
the  change,  for  instance  a  fall  of  temperature,  steadily  continued 
generation  after  generation,  it  will  easily  be  seen  that  this  assump- 
tion would  lead  to  absurd  results.  For,  in  order  to  be  noticeable  in 
one  generation  the  fall  of  temperature  should  at  least  amount  to 
1°  C,  but  1°,  say  in  fifty  years,  makes  20°  in  a  thousand  years,  or 
40°  from  the  birth  of  Christ  to  the  present  time.  If  in  reality  the 
temperature  during  these  2000  years  has  been  slightly  lowered,  the 
difference  cannot,  according  to  the  testimony  of  history,  be  very 
considerable,  and  must,  during  a  generation,  be  absolutely  nnnotice- 
able.  Therefore  the  change  which  it  is  assumed  has  taken  place 
must — if  there  be  any — be  periodicaly  i,e,  that  warm  and  cold  periods 
of  varying  degree  alternate.  Indeed,  to  this  conclusion — and  a 
very  important  one — our  experience  is  led  from  every-day  life. 
But  further  than  this  we  are  unable  to  proceed  without  a  systematic 
scientific  basis  for  our  research. 

For  a  long  time  geological  investigation  has  demonstrated  that 
the  climatic  conditions  of  the  earth  during  earlier  geological  periods 
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differed  greatly  from  the  present.  The  change  referred  to  mmt, 
therefore,  be  accepted  as  a  fact,  but  as  regards  its  nature  there  are 
several  probabilities  to  contend  with ;  for  instance,  whether  it  can 
be  traced  in  a  short  span  of  time  or  at  all  events  in  hietarieal  times, 
whether  it  is  confined  only  to  parts  of,  or  to  the  whole  earth,  whetLer 
it  is  limited  to  long  or  short  periods,  and,  finally,  whether  the  change 
can  be  shown  to  be  still  continuing  in  the  same  direction. 

The  latter  question  is  of  course  of  the  highest  general  interest,  ai 
it  is  closely  connected  with  the  history  of  the  earth's  development 
from  its  first  commencement  as  a  planet  to  its  final  stage. 

In  recent  times  the  copious  meteorological  materials  now  at  our 
disposal  have  been  analysed,  in  order  to  demonstrate  the  change  in  the 
climate  within  briefer  spans  of  time.  It  is  well  known  that  glacien 
are  subject  to  changes  in  their  extension,  viz.  that  during  certain 
periods  they  advance,  and  during  others  retreat  beyond  their  normal 
limits.  Naturally,  the  cause  of  this  should  be  sought  in  the  climate, 
and  now,  in  fact,  Forel,  Richter,  and  Lang  have  demonstrated  that 
this  phenomenon  in  the  Alps  corresponds  with  a  similar  periodicity 
of  temperature  and  fall  of  moisture.  But  the  variability  of  these 
meteorological  factors  do  not  only  occur  in  the  Alps,  as  in  1887 
Bruckner  demonstrated  that  a  periodicity  of  the  rainfall  occurs  in 
nearly  all  countries  of  the  Northern  Hemisphere.  Of  this  proof  i« 
not  only  furnished  by  the  rain-gauge,  but  also  by  the  changes  of 
great  duration  which  take  place  in  rivers,  lakes,  and  in  the  sea.  In 
the  Southern  Hemisphere  too — as  far  as  we  are  able  to  judge  from  the 
scanty  material  at  our  disposal — a  corresponding  variability  occurs. 
In  fact,  according  to  the  latest  investigations  of  Prof.  Siegers,  of 
Vienna,  upon  the  level  of  water  in  oceans  and  lakes,  this  variability 
of  rainfall  occurs  over  the  whol-e  surface  of  the  globe. 

The  temperature  of  the  air,  too,  is  subjected  to  periodical  variations 
although  in  a  less  pronounced  degree.  On  this  point  it  is  of  interest 
in  winter  to  study  the  period  during  which  rivers  and  lakes  are 
frozen  over,  as  it  has  been  shown  that  the  periodicity  coincides 
with  that  of  the  Alpine  glaciers. 

For  the  investigation  of  the  circumstances  indicated,  we  have  at  our 
disposal  material  collected  at  some  500  different  meteorological 
stations,  comprising  25,000  years  of  time  of  observation,  and  on 
the  basis  of  the  same  we  are  enabled  to  declare  that  the  climate 
of  all  countries  in  the  world  is  at  a  certain  time  and  manner 
subjected  to  a  change,  and  that  the  areas  where  this  is  not  the 
case  are  very  limited,  indeed  they  embrace  only  some  coast  lines. 
The  varaibility  becomes  also  the  more  pronounced  the  further  inland 
we  advance. 

In  the  present  century  the  years  1815,  1850,  and  1881  mark 
about  the  middle  of  three  relatively  wet  periods,  and  the  years  1830 
and  1860  the  middle  of  two  correspondingly  dry  periods. 

It  would  be  of  interest  to  know  whether  the  climatic  changes  are 
regularly  periodical  or  whether  the  length  of  the  period  suffers  any 

^  Tide  Stanley's  report  as  to  the  changes  of  wator-leyel  in  the  Great  Lakes  since 
his  last  visit.— Jiff. 
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alteration  in  coarse  of  time.  A  long  series  of  records  relating  to  tbe 
date  of  the  grape-harvest  reaching  back  to  the  year  1400,  as  well  as 
measurements  of  the  level  of  the  water  in  lakes  and  rivers  iip  to  the 
year  1700»  enable  us  to  fix  the  average  duration  of  each  of  the 
periods  in  question  at  36  years.  ' 

The  law  of  the  weather  theory  in  general  has  for  a  long  time 
been  familiar  to  a  large  portion  of  the  public.  The  diurnal  synoptic 
charts  show  an  attentive  examiner  the  connection  between  the 
height  of  the  barometer,  the  direction  of  the  wind,  temperature,  and 
rainfall,  whilst  the  charts  drawn  up  for  the  purpose  of  showing  the 
annual  means  of  the  barometer,  etc. — i.e.  the  climatic  charts — explain 
the  same  relation  between  the  meteorological  factors.  We  find,  for 
instance,  on  one  of  them  somewhere  in  the  Northern  Hemisphere 
an  area  with  an  average  low  pressure,  and  we  shall  then  also  find 
how  the  wind,  just  as  on  the  synoptic  charts,  which  show  the  state 
of  the  weather  on  a  certain  occasion,  rotates  around  this  area  sun- 
wards with  a  movement  towards  the  centre  of  the  spiral.  From  this 
it  results  that  the  change  noticed  in  the  rainfall  must  depend  upon 
analogous  changes  in  the  direction  of  the  wind  and  the  atmospheric 
pressure.  In  a  scientific  work  upon  this  pressure,  based  upon 
observations  carried  on  during  many  years  in  Europe  and  Northern 
Asia,  it  is  shown  that  such  periodical  variations  also  occur  in  the 
barometric  pressure. 

From  observations  recorded  since  1826  within  the  Temperate 
Zone  of  the  Old  World,  it  appears  that  each  rain  period,  viz. 
1841-55,  and  1866-85,  is  followed  by  a  reduction  of  all  differences 
in  the  barometric  pressure,  and  that  each  dry  period,  viz.  1826-40  and 
1856-65,  is  followed  by  an  increase  of  differences  in  the  barometric 
pressure.  Both  when  speaking  of  the  division  of  the  atmospheric 
pressure  over  different  areas  of  the  earth's  surface  and  in  respect  of 
this  division  during  different  seasons  in  a  certain  place,  the  expression 
"  difference  in  the  atmospheric  pressure  "  is  suitable,  and  a  reduction 
of  the  differences  in  the  barometric  pressure  during  a  certain  period 
indicates  a  more  even  division  of  the  pressure  than  usual  over  the 
earth's  surface,  as  well  as  a  smaller  variation  than  the  normal  during 
the  year. 

The  change  in  the  barometric  pressure  explains  not  only  the 
variation  in  the  rainfall  occurring  according  to  the  natural  law,  but 
also  the  existence  of  areas  with  differing  conditions. 

Just  as  on  one  side  the  rainfall  is  dependent  upon  the  variability 
of  the  barometric  pressure,  the  latter  in  turn  must  exercise  influence 
upon  the  amount  of  heat  received  by  the  earth,  and  an  increase  of 
the  latter  during  a  dry  period  accentuates  the  contrast  between 
land  and  sea. 

It  would  be  of  additional  value  to  deal  with  the  variations  of  the 
climate  indicated  by  Bruckner  as  regards  their  equal  duration  and 
internal  relation.  They  have  not  only  a  purely  scientific,  but  a 
practical  importance,  as  they  exercise  influence  upon  changes  in  the 
level  of  lakes  and  rivers,  and  thus  in  many  localities  the  time  of  their 
freezing  too,  and  therefore  indirectly  upon  navigation  and  trade. 
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Moreover,  they  directly  affect  agriculture^  particularly  on  the  larger 
continents.  As  a  proof  of  this  may  he  mentioned  the  great  increase 
in  the  colonization  of  the  North- West  American  Continent^  and  the 
increased  rainfall  which  followed  the  last  dry  period,  about  1860L 

The  experience  of  this  comparatively  short  rainy  and  stormy 
period  easily  explains  how  people  assert  that  the  climate  has  under- 
gone a  change  in  one  direction,  with  just  as  much  justice  as  other 
people  claim  an  opposite  experience. 

Having  thus  explained  the  manner  in  which  we  may  assume  thai 
the  climate  varies  periodically  or  regularly  in  a  uniform  or  variable 
manner  in  different  parts  of  the  globe,  and  that  the  period  extends 
over  36  years,  it  would  appear  from  observations  that  we  are  at 
present  about  the  middle  of  this  period,  having  entered  the  dry 
span. 

We  are,  however,  aware  of  other  variations  occupying  mnch 
longer  periods,  which  may  on  account  of  this  greater  length  exercise 
a  far  larger  influence  upon  terrestrial  conditions. 

We  know  that  Northern  Europe  even  at  a  comparatively  recent 
geological  period  was  covered  with  ice,  like  Greenland  at  present, 
and  was  therefore  at  that  time  as  uninhabitable  as  the  latter  con- 
tinent is  now;  but  we  know,  too,  that  this  does  not  indicate  a 
continuous  change  in  one,  certain  direction,  whereby  our  climate 
should  steadily  become  warmer  and  warmer  or  that  it  was  equably 
colder  the  further  we  go  back  in  time.  For  various  discoveries 
made  by  geologists  in  the  flora  and  fauna  from  a  period  far  more 
remote  than  the  loe  Age  show  conclusively  that  at  that  epoch  a 
climate  prevailed  in  Northern  Europe  which  produced  plants  and 
animals  similar  to  those  now  found  in  the  Tropics.  The  Ice  Age 
must  therefore  be  considered  only  an  accidental  deviation — for 
a  comparatively  short  period — from  the  mild  climate  of  pre-Glacial 
time.  To  fix  the  time  of  this  tropical  climate  is,  we  must  confess, 
impossible,  but  the  alternating  geological  strata  of  the  earth  appear 
to  indicate  that  we  have  here  to  reckon  with  hundreds  of  thousands 
or  may  be  millions  of  years. 

That  this  variation  in  the  climate  may  be  connected  with  the 
gradual  cooling  of  the  earth  was  formerly  an  accepted  theory,  and 
this  with  greater  reason  as  it  was  once  assumed  that  this  cooling 
was  general,  if  not  for  the  whole  earth,  at  all  events  around  the 
Poles.  However,  modem  savants  have  shown  that  this  is  now  an 
untenable  theory,  as  it  has  been  proved  that  in  Japan,  for  instance, 
the  climate  was  at  a  remote  period  much  colder. 

At  a  recent  meeting  of  the  Royal  Swedish  Academy  of  Sciences 
Prof.  Nathorst  demonstrated  that  the  axis  of  the  earth  during  the 
geological  periods  in  question  has  changed  its  position  within  the 
body  of  the  earth  itself,  and  that  the  North  Pole  has  approached 
towards  us,  away  from  the  Japanese  side  of  the  earth.  From  this 
should  have  followed  a  variation  of  the  Polar  Meridian  of  places 
upon  the  earth,  and  this  seems  also  borne  out  by  recent  astronomical 
observations.  It  has  heen  found  that  the  change  is  infinitesimal, 
perhaps  only  amounting  to  a  second  per  century,  but  this  second 
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in  a  century  would  in  a  million  yean  make  nearly  three  degrees, 
in  ten  million  years  nearly  thirty  degrees,  eta,  if  taking  place 
uniformly  with  time.  The  cause  of  the  great  change  in  the  climate 
referred  to,  and  the  consequent  entire  revolution  of  flora  and  fauna, 
must  therefore,  undoubtedly,  with  full  justification  be  ascribed  to  the 
shifting  of  the  earth's  axis,  the  more  so  as  within  the  earth  and 
upon  its  surface  transfer  of  matter  is  constantly  going  on,  which 
may  again  account  for  this  shifting  of  the  axis.  These  changes 
again  may  be  considered  to  be,  in  spite  of  the  length  of  time, 
periodical.^ 

There  now  remains  the  great  question  whether  the  change  in  the 
climate  is  a  continuous  one  in  one  direction  throughout  ages.  G^- 
legists  and  astronomers  are,  as  is  generally  known,  alnv>st  agreed 
upon  the  theory  or  hypothesis  of  the  formation  and  development  of 
the  earth,  as  well  as  other  planets,  from  a  chaotic  mass  in  gas  or 
dust  form  to  its  present  state.  This  theory  demands  that  the  earth 
in  its  earliest  stages  as  a  planet  should  have  possessed  a  very  high 
temperature,  being  in  fact  a  red-hot  ball,  which  gradually  cooled 
through  a  number  of  stages  until  reaching  the  present  one.  Accord- 
ing to  this,  then,  the  earth  should  have  cooled  greatly  since  its  first 
state  as  a  body,  and  the  conditions  upon  it  should  consequently  at 
that  period  have  differed  greatly  from  the  present,  and  that  this  was 
so  is  fully  verified  by  the  discoveries  from  the  most  remote  geological 
epochs.  The  question  is  then  :  is  this  change  of  terrestrial  con- 
ditions still  going  on,  or  has  it  ceased  ?  There  is  but  little  possibility 
of  answering  this  in  the  near  future,  but  one  thing  is  certain,  we 
must  in  our  researches  towards  that  end  measure  time  by  a  gigantic 
standard. 

However,  it  may  be  pointed  out  that  there  is  this  difference 
between  the  early  and  present  stage  of  the  earth,  that  during  the 
former  it  was  principally  its  own  producer  of  heat,  receiving  most 
of  it  from  within.  The  atmosphere  was  enveloped  in  large  masses 
of  vapour,  and  filled  with  heavy  clouds,  through  which  the  sun's 
rays  never  penetrated  directly.  The  sun's  heat  had  therefore  little 
effect,  and  would,  even  if  it  did  penetrate  to  the  surface  of  the  earth, 
have  been  of  subordinate  importance  to  that  afforded  by  the  earth 
itself.  Since  that  stage — the  earth  having  cooled — the  roles  have 
been  reversed.  The  surface  of  the  earth  may  now  be  considered  as 
receiving  nearly  all  its  heat  from  the  sun.  If  there  be  still  a  glow- 
ing interior,  the  heat  shows  itself  only  indirectly  through  volcanic 
eruptions  and  hot  springs.     Should  therefore  the  earth  continue  to 

^  See  on  this  subject  a  most  valuable  and  suggestive  memoir  ''  On  a  Possible 
Cause  of  Climatal  Changes,"  bv  Dr.  John  Evans,  F.R.S.,  F.S.A.,  Sec.  Geol.  Soc. 
(1866) ;  Proc.  Rojral  Society,  March  loth ;  also,  Geol.  Mao.  1866,  Vol.  III. 
pp.  171-174,  in  which  a  change  in  the  axis  of  rotation  is  advocated,  not  onl^  as 
oest  suited  to  explain  the  discoveries  of  an  abundant  animal-  and  plant-life  in  high 
northern  latitudes,  demanding  great  climatal  changes  ;  but  also  those  changes  due  to 
upheaval,  depression,  and  denudation  of  the  eartfi^s  surface  which  must  affect  the 
earth's  equilibrium.  Also  that  astronomical  observations  tend  to  show  ''that  the 
ground  itself  shifts,  with  respect  to  the  general  earth,  or  that  the  axis  of  rotation 
changes  its  position. 
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cool  during  time,  we  may  assume  that  the  process  will  a£feot  the 
temperature  on  the  surface  but  little. 

There  may,  however,  be  an  indirect  eflfect,  viz.  that  by  a  deoresM 
of  water  in  the  seas  through  the  earth's  absorption  the  moisture  of 
the  atmosphere  may  become  reduced,  and  in  return  the  earth 
may  lose  its  protecting  veil  of  clouds. 

11. — Thi  Bbcemt  and  Rapid  Elevation  of  the  XTbal  Mountadts. 

By  Hbnhy  H.  Howorth,  Esq.,  M.P.,  etc. 

'YT'OU  have  permitted  me  recently  to  publish  two  short  papers  in 
I  the  Geological  Magazine  in  which  I  have  advocated  some 
unconventional  views.  Perhaps  you  will  allow  me  to  continue  my 
induction. 

In  the  first  paper  I  endeavoured  to  show  that  the  identity  of  the 
living  Mammalian  fauna  of  Siberia  and  North  America  necessitates 
our  postulating  that  those  areas  have  very  recently,  namely,  during 
the  Mammoth  age,  been  connected  by  a  land  bridge;  further  that  the 
facts  compel  us  to  the  conclusion  that  this  land  bridge  must  have 
been  across  a  portion  of  the  Polar  area,  and  that  when  it  existed 
comparatively  temperate  conditions  prevailed  there. 

In  the  second  paper  I  endeavoured  to  show  that  an  elevation  of 
the  bed  of  the  Arctic  sea  sufficiently  to  permit  of  such  a  land  bridge 
existing  would  entirely  reverse  the  drainage  of  the  great  rivers  of 
Western  Siberia,  which,  instead  of  forcing  their  waters  into  the 
Arctic  Ocean,  would  constitute  a  great  Mediterranean  sea  in  Central 
Asia;  and  further,  that  the  debris  and  relics  of  this  sea  preserved 
in  the  scattered  lakes  and  intervening  sand  wastes  of  that  area  are 
among  the  elementary  facts  of  physical  geography. 

I  went  on  to  argue  that  when  the  Mammoth  and  his  companions 
were  living,  the  general  slope  of  the  Siberian  continent  was  like 
that  of  European  Eussia,  with  which  it  is  so  closely  connected 
in  other  ways,  namely,  that  it  sloped  down  from  north  to  south; 
the  Obi  and  the  Yenissei  then  having  very  much  the  same  course 
that  the  Ural,  the  Volga,  the  Don,  and  the  Dnieper  have  now.  The 
line  separating  the  two  great  planes,  one  of  which  now  slopes  north- 
ward and  the  other  southward,  is  the  Ural  chain.  If  the  change 
took  place  at  the  end  of  the  Mammoth  period,  a  view  which  1  have 
argued  in  favour  of,  we  ought  to  find  traces  of  it,  and  very  patent 
ones,  in  the  Ural  chain  itself.  The  object  of  this  short  paper  is  to 
point  out  that  this  is  in  fact  so,  and  that  the  Ural  mountains  are  a 
very  recent  feature  in  the  geography  of  Eastern  Europe ;  that  they 
date  from  the  close  of  the  Mammoth  period,  and  were  the  result  of 
the  violent  disturbance  of  the  earth's  crust  which  then  occurred, 
and  to  which  I  have  elsewhere  referred. 

The  view  in  regard  to  the  Ural  mountains  here  defended  is  not 
entirely  new.  It  had  already  substantially  been  advocated  by 
Murchison,  under  whose  broad  aegis  I  am  well  content  to  shelter; 
for  I  deem  him,  notwithstanding  recent  discussions,  the  first  in  the 
I0114;  role  of  English  geologists. 
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Thefirst  and  raosfc  obvious  fact  about  tbe  Urals  whioh  bas  struck  all 
travellers  who  have  crossed  them  is  that,  although  a  mountain  chain 
virtually  running  from  one  sea  to  another,  they  form  no  frontier  at 
all,  either  botanically  or  zoologically.  The  plants  and  animals  are 
precisely  alike  on  both  sides  of  the  range.  It  is  true  that  the  rauge 
is  not  a  very  lofty  one,  nor  are  other  ranges  whioh  do  constitute 
biological  frontiers ;  nevertheless  it  is  a  very  remarkable  fact  that,  so 
far  as  we  know,  the  Ural  mountains  do  not  form  a  frontier  at  all. 
The  continuity  of  life  is  complete  right  across  them.  They  have  led 
to  no  isolation.  It  seems  to  me  that  this  can  only  be  accounted  for 
by  the  circumstance  that  they  are  a  very  new  feature  in  the  country. 

Secondly,  not  only  are  the  zoological  and  botanical  features  alike 
on  both  sides  of  the  range,  but  also  the  superficial  loose  deposits. 
Those  enigmatic  continuous  beds  of  black  earth — '<  ohemojem  '*  as 
the  Russians  call  it — which  are  such  a  feature  in  European  Bussia, 
are  also  found  on  the  Asiatic  side  of  the  Urals.  Whatever  their 
origin,  which,  like  the  origin  of  the  loess,  is  shrouded  in  so  much 
doubt,  they  are  clearly  not  marine,  and  do  not  preserve  any  marine 
debris  whatever,  and,  whether  subaerial  or  a  deposit  from  fresh 
water,  it  remains  remarkable  that  they  should  be  precisely  alike  in 
texture  and  contents  on  both  sides  of  the  chain. 

Thirdly,  and  this  is  a  much  more  direct  piece  of  evidence.  It  has 
been  remarked  by  one  traveller  after  another  that  there  are  no  traces 
of  glacial  action  in  the  Urals.  Murchison,  who  examined  the  chain 
from  north  to  south  with  great  care,  says,  "  We  have  indeed  fully 
explained  that  those  mountains  and  both  their  flanks  are  void  of  all 
boulders  and  far-borae  detritus.  Though  exhibiting  proofs  of 
interior  dislocation,  the  Ural  is  therefore  a  perfect  contrast  in  this 
respect  to  the  Scandinavian  chain.  ...  As  there  is  no  glacier  in  the 
Ural  up  to  70°  N.  lat,  so,  according  to  the  rules  of  the  glacialist, 
there  never  can  have  been  one,  since  there  are  no  moraines,  nor  any 
striated  and  polished  rocks  in  the  whole  region"  (Russia  and  the 
Ural  Mountains,  pp.  527-8). 

In  an  earlier  paper  he  writes :  '*  To  the  east  of  Grabovo,  the  road 
runs  in  one  of  the  lateral  depressions,  and  little  stony  matter  is  to 
be  seen.  The  absence  of  all  coarse  detritus  is,  however,  a  phenome- 
non which  cannot  but  surprise  every  geologist  accustomed  to  other 
mountain  chains,  for  he  has  now  absolutely  reached  the  foot  of  the 
central  ridge  of  the  Ural,  in  which  there  are  many  lofty  peaks,  and 
yet  not  a  single  far-transported  block  can  be  detected"  {id.  p.  358-9). 

It  is  not  only  in  the  chain  itself  that  we  miss  these  unmistakeable 
proofs  of  the  existence  of  former  glaciers  on  a  large  scale.  It  is 
the  same  in  the  adjoining  plains  of  European  Russia,  where  all  the 
erratics  have  come  from  Scandinavia  and  Finland. 

These  facts  converge  very  remarkably  upon  the  conclusion  that 
the  Ural  chain  was  non-existent  at  the  time  when  the  Scandinavian 
Mountains  were  shedding  their  boulders  far  and  wide,  but  that  they 
are  in  fact  a  very  modern  feature  in  the  country.  The  nature  of 
their  contour  and  the  way  in  which  the  sheets  of  auriferous  gravel 
and  of  Mammoth  remains  upon  them  occur  point  further  not  onl^ 
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to  their  baling  been  reoently  bat  also  violently  and  more  or  kn 

suddenly  elevated. 

This  is  what  Murchison,  who  made  a  very  elaborate  exaroinatioii 
of  the  whole  chain  from  north  to  south,  has  to  say  on  this  point: 
**  It  must  be  recollected  that  as  by  other  proofs  we  have  already 
endeavoured  to  show  the  comparatively  recent  elevation  of  the  Urd 
crest,  this  region  cannot  be  looked  upon  as  having  been  rendered 
highly  mountainous  until  the  very  period  when  great  numbers  of 
these  animals  (i.e.  Mammoths)  were  destroyed — a  destruction  which 
we  believe  to  have  been  mainly  acoomplished  when  the  present 
watersheds  between  Europe  and  Asia  were  determined'*  (Bossia 
and  the  Ural  Mountains,  p.  492).  Again,  he  says,  **  A  former  ter- 
restrial surface  on  which  the  great  quadrupeds  lived  for  ages,  and 
the  rupture  and  desiccation  of  adjacent  lakes,  coincident  with  some 
of  the  last  elevations  of  the  chain,  will,  we  are  convinced,  best 
explain  the  condition  in  which  the  remains  of  the  Mammoths  are 
letl  buried  on  the  edges  of  the  upturned  ridges  of  the  Ural,  as  well  as 
in  the  lowlands  and  great  estuaries  furthest  removed  from  them 
(id,  p.  494).  Again,  *^Such  might  have  been  the  position  and  con- 
dition of  some  of  these  creatures  when,  as  we  have  imagined,  the 
highest  ridges  of  the  Ural  were  thrown  up«  followed  by  the  rupture 
of  many  lakes  and  the  consequent  inundation  of  large  tracts  of 
the  flat  country,  previously  frequented  by  these  great  herbivorous 
animals"  {id.  p.  498).  Again,  ''It  has  further  been  proved,  that  the 
production  of  gold  veins,  and  the  elevations  of  the  Ural,  whigh  have 
given  to  these  mountains  their  present  height  and  relief,  are  pheno- 
mena of  a  comparatively  recent  date — phenomena  which,  in  lowering 
the  temperature  of  the  great  region  so  affected,  were,  we  have  little 
doubt,  the  chief  causes  of  the  final  destruction  of  the  Mammoths, 
which,  with  all  their  adaptation  to  existence  in  northern  latitudes, 
could  scarcely  be  supposed  to  have  been  capable  of  long  enduring 
the  want  of  sustenance  incident  to  Siberian  winters  of  the  present 
period"  (id.  p.  605). 

I  have  now  brought  together  such  facts  as  are  accessible,  illus- 
trating the  recent  history  of  the  Ural  chain,  and  they  seem  to  me  to 
converge  with  overwhelming  force  upon  the  conclusion  that  this  range 
of  mountains  was  upheaved  more  or  less  rapidly  at  the  end  of  the 
Mammoth  period.  It  was  this  upheaval  which,  in  my  view,  caused 
the  plain  of  Siberia  to  reverse  its  slope,  and  its  rivers  to  reverse 
their  drainage,  and  I  agree  very  much  with  Murchison's  conclusion 
that  it  was  the  floods  of  water  caused  by  this  upheaval  which 
drowned  the  Mammoths  in  a  considerable  area  of  European  and 
Asiatic  Russia,  and  covered  their  remains  with  wide-spreading  con- 
tinuous sheets  of  gravel  and  other  soft  debris.  I  differ  from  him  in 
deriving  this  water  from  a  number  of  lakes,  and  would  urge,  as 
I  urged  many  years  ago,  that  it  was  rather  the  outpouring  of  the 
great  Asiatic  Mediterranean  sea,  whose  relics  are  so  ubiquitous  in 
salt  lakes  and  stretches  of  marine  sand  which  largely  caused  the 
great  debacle,  and  that  the  upheaval  of  the  Urals  was  in  this  way 
very  largely  the  causa  causans  of  the  extinction  of  the  Mammoth  over 
a  wide  area. 
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Before  the  upheaval  it  would  seem  almost  certaiii  that  a  vast 
prairie  plain  stretched  from  the  Carpathians  and  the  Vistula  as  far  as 
the  Yenissei,  with  a  more  or  less  uniform  slope  towards  the  south, 
and  draining  itself  into  the  vast  sheet  of  water  of  whioh  the  Black 
Sea,  the  Caspian  Sea,  the  sea  of  Aral,  and  the  Balkhash  are  four 
notable  relics.  When  the  Urals  were  upheaved,  it  doubtless  set  in 
motion  a  portion  of  the  waters  of  this  vast  sea,  whioh  swept  over 
the  low  country,  and  distributed  the  wide-spread  mantle  of  soft 
deposits  far  and  wide,  as  we  find  it  spread  quite  irrespective  and 
independent  of  the  river- valleys. 

In  another  paper  you  will  perhaps  allow  me  to  apply  the  reasoning 
here  used  to  the  Altai  and  the  great  plateau  of  Mongolia* 

III. — Invertebrate  PaLuSontologt  in  some  Continental  Museums. 

By  J.  Waltbr  Grbooet,  F.O.8.,  F.Z.S., 
of  the  British  Museum  (Nat.  Hist.). 
"Vr ATURALISTS  who  refer  to  their  "  Baedeker  "  for  information 
jji  respecting  the  Continental  Natural  History  Museums  are  too 
often  disappointed  by  finding  that  if  the  author  does  happen  to  have 
mentioned  them,  either  that  he  has  confined  his  attention  to  the 
exterior  of  the  building  or  has  summarily  dismissed  the  collection 
as  '^  unimportant"  Hence  geologists  are  dependent  upon  such 
papers  as  those  in  which  M.  Cotteau  ^  has  recapitulated  the  principal 
contents  of  several  French  and  Swiss  Museums,  or  that  in  which 
Mr.  Smith  Woodward'  has  enumerated  the  most  interesting  speci- 
mens of  many  German  and  Austrian  collections.  The  last  paper, 
as  is  indicated  by  its  title,  "  Vertebrate  Palseontology  in  Continental 
Museums,"  is  restricted  solely  to  the  Vertebrata.  But  as  the  value 
of  a  Museum,  as  far  as  the  Invertebrates  are  concerned,  is  dependent 
more  on  the  possession  of  collections  than  of  single  famous  speci- 
mens, the  student  of  this  group  is  more  in  need  of  such  information 
than  is  the  Vertebrate  palaeontologist ;  every  one  knows  where  he 
must  go  to  see  an  Archaopteryx,  a  mounted  IguanodoUy  or  a 
Neanderthal  skull,  but  the  last  resting-place  of  a  local  collector's 
hoard  is,  as  a  rule,  less  known  to  fame.  Hence  the  following  notes 
may  be  of  some  service  as  a  supplement  to  Mr.  S.  Woodward's  paper. 

Hamburg. 

The  palaaontological  collection  is  at  present  mostly  stowed  away 
in  packing  cases  at  the  Johanneum,  awaiting  removal  to  its  new 
home  in  the  spacious  Museum  recently  erected  in  the  Steinthorwall. 
But  by  the  kindness  of  the  Curator,  Prof.  Dr.  Gottsche,  I  was 
enabled  to  examine  most  of  the  Echinozoa,  especially  the  valuable 
series,  including  some  well-preserved  Ophiuroids,  from  the  glacial 
deposits  of  Northern  Germany.  There  are  also  collections  from 
the  limited  exposures  of  the  Oligocene  and  Cretaceous  in  the  same 
district     The  fossils  from  Liineberg  are  less  numerous  than  in  some 

*  "  Rapport  sur  les  Mus6es  d*histoire  natorelle  de  quelques-unes  des  rilles  du 
Sud-ouest  de  la  France,"  Ann.  Instit.  des  provinces,  1868.  **  Notes  sur  quelques 
Mus^  d^histoire  naturelle  de  la  Suisse  et  de  PAllemagne  du  Sud,*'  Bull.  Soc.  Sci. 
hist,  et  nat.  Tonne,  xxiii.  1869.  2  q^qj,,  Mag.  (3;  Y.  1888,  pp.  395-4Q4« 
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other  Museums,  no  doubt  mainly  because  the  local  knowledge  of 
the  astute  curator  has  enabled  him  to  detect  and  reject  all  the 
specimens  imported  into  that  town  to  make  the  limited  supplj  mora 
equal  to  the  demand.  There  are  some  interesting  teratologicil 
specimens  from  the  glacial  beds  of  the  neighbourhood  of  Hambmg; 
one  of  which,  a  deformed  GaUrites,  has  a  considerable  influence  on 
the  true  systematic  position  of  that  genus.  The  same  drifts  btve 
yielded  a  good  series  from  the  Danien  of  Faxoe,  while  the  lar]ge 
collection  from  the  Upper  Cretaceous  of  South  Africa  reminds  the 
visitor  of  Prof.  Gk)ttsche's  travels. 

The  contents  of  the  Godeffroy  Museum  have  already  been  re- 
moved to  the  new  building,  where  the  Director,  Dr.  Kraepelin,  and 
his  assistants,  have  temporarily  arranged  most  of  the  zoological 
collections.  The  Echinoderms,  including  an  extensive  series  from 
West  Africa,  have  been  classified  by  Dr.  Pfe£fer.  Dr.  Meiklesohn 
is  engaged  upon  an  index  collection  similar  to  that  at  the  Natural 
History  Museum,  and  several  of  his  preparations  are  of  especial 
interest  to  palaeontologists. 

BSRLIN. 

The  "Museum  fur  Naturkunde"  (at  43,  Invalidenstrasse,  jast 
outside  the  Neue  Thor)  is  that  which  will  probably  first  attract  the 
attention  of  the  visitor.  The  Palseontological  Department  contains 
a  fine  series  of  type  collections,  many  of  which  are  associated  with 
the  work  of  the  members  of  the  stafi'.  Thus  it  includes  the  collection 
of  Prof.  Dr.  Beyrich,  the  present  head  of  the  Department,  and  many 
of  the  specimens  described  in  the  memoirs  of  Prof.  Dr.  Dames  and 
Dr.  E.  Eoken.  Amongst  other  collections  there  are  those  of 
Leopold  von  Buch,  and  of  Schlotheim ;  Fischer  of  Munich's  great 
collection  of  Alpine  fossils;  many  of  Goldfuss's  Corals  and  Bivalves 
and  Mojsisovic's  Triassic  Cephalopoda ;  the  best  of  the  originals  of 
Eck's  Tr (chaste ropsis  seufli  from  the  Saxon  Muschelkalk,  and  half  of 
the  collection  of  Bundenbach  Asteroidea,  described  by  Herr  Stiirtz 
in  his  earlier  monograph.  The  Museum  seems  also  rich  geo- 
graphically ;  thus  among  the  Echinozoa,  in  addition  to  the  ordinary 
Continental  localities,  Greece,  Persia,  Egypt,  Texas  and  others  of 
the  United  States,  Australia,  etc.,  are  all  represented.  There  is  tx)0 
a  good  collection — as  collections  go — of  the  Echinoidea  of  the  Alpine 
Trias,  including  a  perfect  specimen  of  the  remarkable  genus  Tlar- 
echinus;  as  the  only  hitherto  recorded  specimens  are  the  two  in 
Vienna,  the  opportunity  for  the  examination  of  this  was  a  very 
pleasant  surprise.  The  greatest  treasure  of  the  Museum,  it  need 
hardly  be  remarked,  is  the  second  specimen  of  Archaopteryx. 

Immediately  adjoining  the  '*  Museum  fur  Naturkunde  *'  is  that  of 
the  **  Geologische  Landesanstalt  und  Bergakademie,"  in  which  is  pre- 
served a  large  stratigraphical  series  from  Prussia  and  the  Thuringian 
States.  Amongst  others  it  contains  the  collections  of  Koch  and 
Dannenberg  from  the  Devonian  of  the  Khine  valley  and  the  Tertiary 
of  the  Mainz  beisin :  of  Kichter  from  the  Silurian  and  Devonian  of 
Thuringia:  of  Menzel  from  the  Silesian  Muschelkalk:  of  Schlom- 
baoh.  Braun  and  Lasard  from  the  Jura  and  Ereide  of  Bremen  and 
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Hanover :  of  Becks  from  the  Westphalian  Ereide :  of  Zeigler  from 
the  Gault  of  Ahaus:  of  Spejer  from  the  Hessian  Tertiary:  of 
Eiisel  from  the  Bukower  Tertiary :  of  Meyn,  Eloeden  and  Gum- 
precht  from  the  North  German  **  Flachlande  " :  of  Kovalevski  from 
the  Samland  Bernstein ;  and  finally  Beinert's  Carboniferous  plants. 

Dbesdxn. 

In  one  comer  of  the  Z winger,  in  the  picturesque  old  town  of 
Dresden  is  the  Mineralogioal  and  Palasontological  collection  presided 
over  by  Prof.  Dr.  Geheimrath  H.  B.  Geinitz  and  Dr.  J.  V.  Deich- 
miiller.  The  collections  (open  from  9  till  1)  contain  most  of  the  types 
figured  in  the  various  monographs  of  the  "  Mittheilungen  aus  dem 
E.  Mineral ogischen  Museum  in  Dresden/'  such  as  Prof.  Geinitz's 
from  the  Saxon  Dyas,  or  Dr.  Deichmiiller's  insects  from  the  Solen- 
hofeu  stone.  It  also  contains  a  choice  series  of  fossils  from  the 
Cretaceous  rocks  of  Saxony.  Among  the  Echinoderms  of  this  col- 
lection the  gems  are  certainly  the  fine  set  of  Asteroidea,  the  genera 
of  which,  however,  require  re-examination  in  the  light  of  Mr.  Sladen's 
recent  Challenger  Report ;  at  present  they  are  all  included  as  Slell- 
aster;  but  one  at  least  (S,  albensis,  Gein.)  must  be  included  with 
Nymphaster. 

At  Dresden  the  geologist  need  not  regret  as  much  as  at  many 
towns  the  shortness  of  the  hours  during  which  the  Museum  is  open. 
Though  the  palaeontologist  may  feel  little  interest  in  the  art  treasures 
of  the  Z  winger,  the  geologist  can  profitably  spend  a  few  hours  in  the 
study  of  the  landscapes  of  pre-Whistlerian  17th  century  impression- 
ists ;  the  unrivalled  series  of  Kuysdaers  and  several  of  the  rather  rare 
works  of  his  master  Albert  van  Everdingen  may  be  profitably  com- 
pared with  such  masterpieces  of  19th  century  realism  as  Papperitz's 
gneissose  mountains  (No.  2240)  or  Eug.  Diincker's  boulder  bestrewn 
beach,  or  the  roches  moutonnees  in  Hemming  von  Eameke's  Alpine 
landscape. 

Peaq. 

The  scenery  of  Saxon  Switzerland,  with  the  deep  valley  of 
the  Elbe  bounded  by  flat  topped  hills  often  crowned  with  some 
picturesque  old  castle,  forms  a  pleasant  contrast  to  the  sandy  tracts 
of  the  North  German  plain.  The  geologist  certainly  should  do  this 
section  of  the  journey  by  daylight ;  he  can  join  with  those  whom 
a  philanthropic  age  has  sent  to  tenant  the  castles  that  surmount  these 
historic  hills  in  a  philosophic  contemplation  of  the  precipitousness 
which  cliffs  of  ordinary  soft  "  kreide  "  can  maintain  when  protected 
by  a  basalt  cap. 

At  Prag  the  Museum  is  still  in  the  old  building  in  the  Graben 
and  the  palseontological  collection  is  displayed  in  a  summer  house 
in  the  garden.  It  will  however  be  shortly  removed  to  the  colossal 
Bohemian  National  Museum  now  rapidly  approaching  completion 
at  the  end  of  the  Wenzelplatz. 

The  principles  upon  which  the  new  museum  is  to  be  arranged 
and  the  methods  by  which  these  are  to  be  carried  into  effect  are  fully 
described  in  Dr.  A.  Fric's  paper  "  Principien  der  Organisation  der 
naturhistorischeu  Abtheilung  des  neuen  M.u8QU\ii&  ZM^t^r 
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The  two  most  important  oollections  in  the  Mnaenm  are  thoee  of 
Barrande  and  Sternberg.  The  latter  is  supplemented  by  a  number 
of  Feistmanters  types. 

lliere  is  a  small  series  of  fossils  from  the  minute  patch  of  lime- 
stone that  represents  the  Jurassic  system  in  Bohemia.  The 
Cretaceous  collection  is  of  course  much  more  extensive ;  the  originab 
of  Dr.  A.  Fric's  memoirs  on  the  Cnistacea  of  the  Bohemian  chalk  are 
mostly  preserved  here,  including  his  Lorietda  puteheUa^  var.  gigas,  the 
finest  of  the  known  fossil  Cirripedia.  The  Museum  also  contains 
many  of  the  types  of  Dr.  Novak's  admirable  memoirs  on  the 
Bohemian  Cretaceous  Echinoidea  and  Bryozoa. 

The  second  MuHeuro  at  Prag  is  that  of  the  Gkrman  Univenitj 
(Naturwissenschaftliches  Institnt  in  Weinberg  Gasse),  of  which  ihd 
geological  department  is  under  the  care  of  Prof.  Dr.  G.  C.  Lanbe. 
The  collection,  though  not  large,  is  one  that  well  repays  a  visit,  as 
it  contains  many  types,  as,  e.g.  of  the  Cretaceous  Crustacea,  whidi 
supplement  the  series  in  the  National  Museum.  Most  of  the 
originals  described  in  Laube  and  Bruder's  work  on  the  Ammonites 
of  the  Bohemian  Kreide  are  to  be  seen  here. 

There  is  yet  a  third  collection,  of  which  Prof.  Dr.  O.  Novak  is  the 
curator,  at  the  Bohemian  University. 

Vienna. 

In  the  Austrian  capital  there  are  three  geological  collections  each 
of  the  first  importance,  those  of  the  Hof  Museum,  of  the  University, 
and  of  the  k.  k.  Geologisches  Reichsanstalt  The  first  of  these  is  a 
palatial  edifice  in  the  Kiugstrasse,  and  is  probably  the  finest  museum 
building  on  the  Continent.  The  geological  department  is  under  the 
care  of  Dr.  Fuchs,  who  has  as  his  assistants  Dr.  E.  Kittl  and  Dr.  E. 
Wahner.  The  arrangement  of  the  department  is  at  once  both 
instructive  and  interesting.  The  fossils  are  grouped  stratigraphically 
in  table  cases :  in  wall  cases  around  the  rooms  are  collections  of  the 
rocks  of  the  same  formations,  and  above  are  views  showing  how  they 
occur  in  the  field.  Thus  the  student  of  the  fauna  of  any  horizon  can 
easily  refer  to  the  series  of  sedimentary  rocks  which  illustrate  the 
physical  conditions  of  the  period,  while  the  pictures  above  show  the 
beds  in  their  typical  development  in  the  Austrian  Empire.  For 
example,  above  the  Miocene  rocks  is  a  view  of  the  great  quarry  of 
Margarethen  in  the  Leithagebirge,  and  over  the  Jurassic  is  one  of 
Csorsztyn  in  Galicia  illustrating  the  Carpathian  "Klippen." 

The  palsBontological  collection  is  not  yet  fully  arranged,  but 
by  the  courtesy  of  Dr.  Fuchs  it  is  all  available  for  reference.  It 
includes  a  fine  series  of  Bohemian  and  Leithakalk  fossils,  and  of 
those  from  the  Tertiary  of  the  Vienna  Basin ;  many  of  the  best  of 
Laube's  types  from  the  St.  Cassian  Schichten  are  to  be  found  here. 
The  foreign  oollections  are  extremely  rich,  and  they  include  those 
made  during  the  voyage  of  the  "  Novara  "  and  the  types  of  Laube's 
Echinoids  from  the  Murray  River  beds,  the  most  important  historical 
collection  of  Australian  fossil  Echinodennata.  The  plant  collections 
are  especially  extensive.     The  department  also  includes  a  most 
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instructive  oolleotion  illosirating  dynamical  geology,  and  in  con- 
nection with  this  are  views  of  glaciers,  volcanoes,  and  other  geo- 
logical agents. 

No  reference  to  the  Hof  Mnseum  would  be  complete  which 
omitted  to  notice  the  meteorite  collection,  which  is  claimed  to  be 
the  finest  in  the  world.  Its  principal  treasures  are  well  known 
from  the  description  of  its  curator,  Dr.  A.  Brezina,  in  the  Jahrbuch 
k.  k.  geol.  Reichsanstalt  for  1885.  In  the  same  room  is  the  splendid 
petrographical  collection  arranged  by  Dr.  Berwerth. 

The  University  of  Vienna  is  also  on  the  King  Strasse  a  few 
minutes'  walk  from  the  Hof  Mnseum.  Both  the  G^logical  and 
Palseontological  Schools  have  valuable  c6llections.  The  latter  is  of 
especial  interest  as  having  been  made  by  the  late  Prof.  Neumayr. 
The  general  geological  collection  is  under  the  care  of  Prof.  Dr. 
Suess,  and  it  includes  much  new  material,  which  is  being  described 
by  Dr.  A.  Weithofer. 

The  faunas  best  represented — at  least  among  the  Echinodermata — 
are  those  of  the  Leithakalk  and  the  North  Italian  Eocenes ;  several 
of  the  types  of  Bittner  and  Laube  are  to  be  found  here. 

The  third  collection  in  Vienna  is  that  of  the  Geologisches  Eeichs- 
anstalt  in  the  Liechtenstein  Palace  in  Eazumoffsky  Gasse.  Here 
there  is  a  very  extensive  Austrian  collection,  including  many  of  the 
types  of  the  species  of  the  Director,  Dr.  Stur,  and  of  Dr.  Mojsisovics, 
Dr.  Bittner  and  other  members  of  the  sta£f.  The  Triassic  Cepha- 
lopoda, and  Vicentin  Eohinoidea,  and  the  collections  from  the 
Tertiaries  of  the  Vienna  basin,  and  of  Galicia  and  Hungary,  the 
Weisser  Jura  of  Maehren,  and  Laube's  types  of  Corals,  Sponges,  and 
Echinoderms,  are  especially  worthy  of  notice.  The  type  of  Neumayr's 
Tiarechinus  is  one  of  the  gems  of  the  Museum.  General  geology  is 
not  neglected,  and  there  is  a  good  series  of  rocks  and  specimens 
illustrating  the  stratigraphy  of  the  Austro-Hungarian  Empire. 

Munich. 

The  Museum  of  the  "  Akademie  der  Wissenschaften  '*  in  Munich 
is  probably  that  which  will  tempt  the  palasontologist  to  linger 
longest ;  for  not  only  is  the  collection  itself  remarkably  complete, 
but  it  includes  a  series  of  most  important  historical  specimens, 
and  by  the  courtesy  of  Prof,  von  Zittel  it  is  available  for  study  from 
8  a.m.  till  6  p.m.  Foremost  among  the  special  collections  is  that  of 
Baron  Miinster,  including  mcmy  of  the  specimens  figured  in  Goldfuss 
and  nearly  all  of  those  in  the  "Beitrage  zur  Palaeontologie." 
Schafheutrs  Bavarian  collection,  with  all  the  Kressenberg  types, 
also  contains  some  very  valuable  material.  Among  the  Echino- 
dermata the  following  are  especially  worthy  of  notice  :  the  Echinoidea 
from  the  Stramburger  Schichten  described  by  M.  Cotteau  :  many  of 
the  best  of  the  Asteroidea  of  Dr.  E.  Fraas'  monograph :  the  Echinopsis 
puailla  redescribed  by  Dr.  Ebert :  a  few  of  the  types  of  Quenstedt's 
**  Der  Jura " :  of  Prof.  Dames'  memoir  on  the  Eohinoidea  of  the 
Juras  of  the  North-west  of  Germany,  and  most  of  the  specimens 
from  which  were  made  the  original  illustrations  in  Prof,  von  Zittel's 
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great  ''  Handbuch."  The  Solenbofen  Ecbinoidea  are  represenfad  hj 
a  series  in  the  Haberlein  collection  and  by  tbe  types  of  Bohm  tad 
Lorie's  "  Die  Fauna  des  Kehlbeimer  Diceras  Ealkea." 

In  otber  groups,  the  type  series  are  not  less  important.  Thiii» 
in  the  Medusidaa,  there  are  the  specimens  figured  in  Oj^*i 
Beitrage,  and  in  the  memoirs  of  Haokel  and  von  Ammon.  Tbe 
collection  of  Annelida  include  the  most  important  of  those  described 
in  Prof.  Ehler's  monograph,  besides  many  types  from  the  Tarioos 
general  collections.  The  Crustacea  are  represented  by  an  extensive 
series  of  important  specimens:  amongst  others  there  are  thoee 
described  by  Miinster  in  bis  ''Beitrage"  and  by  Oppel  in  hie 
"  Mittheilungen,"  including  some  fine  Isopoda  and  Cirripedia;  alto 
the  Xiphosura  used  by  Van  der  Hoeven  in  his  ''  Recherchee  ear 
Limulus."  The  Sponge  collection  need  hardly  be  mentioned,  as 
Prof,  von  Zittel's  work  has  for  ever  made  it  famous.  The  Brachio- 
poda  and  Mollusca  include  a  miscellaneous  series  of  types,  as,  e,g* 
many  of  those  of  Oppel's  memoir  "Ueber  die  Brachiopoden  der 
unteren  Lias,"  and  of  the  various  monographs  of  the  '*  Geognostische 
PalsBontologische  Beitrage."  The  Cephalopoda  include  some  remark- 
ably fine  specimens  of  the  Belemnoteuthidsa  and  Chondrophora. 

In  addition  to  the  general  collection,  which  is  classified  zoologic- 
ally, there  is  a  supplementary  stratigraphical  series. 

The  Museum  of  the  Bavarian  Oberbergamt  at  16,  Ludwigstrasse, 
contains  a  collection  illustrating  the  geology  of  that  kingdom.  The 
petroh^gical  collection  is  the  most  important  feature  in  the  Museum, 
containing  as  it  does  the  rock  specimens  described  by  the  Director, 
Prof,  von  Giimbel,  in  his  **Die  palaolithischen  Eruptivgesteine 
des  Fichtelgebirges,"  and  his  **  Geognostische  Beschreibung  des 
Konigreichs  Bayern." 

Stuttgart. 

The  Museum  of  the  Wiirtemberg  capital  is  especially  famed  for 
its  Vertebrate  treasures,  and  there  is  nothing  among  the  Invertebrates 
that  can  equal  in  interest  the  great  slab  of  Aetosaurus.  Nevertheless 
it  is  well  worthy  a  visit,  as  it  contains  an  extensive  collection  from 
the  Jurassic  and  Triassio  rocks  of  the  neighbourhood.  Here  are  to 
be  seen  many  of  the  types  of  Quenstedt's  last  work  "  Die  Ammoniten 
des  schwabischen  Jui*a,"  besides  a  few  of  those  of  the  "  Petrefacten- 
kunde  Deutschlands,"  as,  e.g,  his  interesting  Ophiura  ventrocarinata. 
Some  of  the  Crustacea  figured  by  Oppel,  the  finest  of  the  Plicatocrini 
that  illustrate  Prof,  von  Zittel's  memoir,  Eck's  Trichasteropsis  dlicxa, 
and  Miinster's  Asterias  wtssmanni,  are  among  the  most  important  of 
the  Invertebrates.  There  is  also  the  extensive  collection  made  by 
the  Director,  Prof.  Fraas,  in  Syria  and  Egypt,  and  including  the 
types  of  Prof.  Dames'  memoir  on  the  Crustacea.  African  palsdon- 
tology  is  represented  by  the  collections  made  by  Baron  Ludwig, 
Dr.  Krauss,  and  Dr.  Holub. 

Tubingen. 

On  the  brow  of  the  central  hill  of  Tiibingen,  where  the  steep 
slope  that  rises  from  the  Neckar  passes  into  the  platform  that  bears 
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the  Stiftkircbe  and  commands  a  wide  view  over  the  Jurassic  rocks 
of  Suabia,  is  the  Museum  that  will  ever  remain  as  a  monument  to 
the  memory  of  the  late  Prof,  von  Quenstedt  The  collection  is  a 
most  interesting  one,  and  even  Baedeker  remarks  that  it  "  deserves 
attention,"  though  he  only  mentions  the  big  24- foot  long  Ichthyo- 
saur,  a  fossil,  however,  which  is  dwarfed  into  insignificance  by  the 
clump  of  70- foot  Crinoids.  It  is  unnecessary  to  refer  to  the  special 
features  of  the  Museum,  as  its  contents  may  be  summarized  as  the 
collection  of  Prof.  Quenstedt,  including  the  majority  of  the  originals 
of  the  illustrations  of  his  various  works.  To  examine  these  every 
student  of  Jurassic  palsBontology  must  visit  Tiibingen,  while  the 
physical  geologist  cannot  fail  to  learn  much  from  a  study  of  this, 
probably  the  best  collection  ever  made  to  represent  a  fossil  fauna. 

Heidelberg. 

Though  there  is  little  or  nothing  among  either  the  Invertebrates 
or  Vertebrates  that  would  induce  a  palsdontologist  to  visit  Heidelberg, 
he  may  well  be  excused  if  he  turn  aside  to  see  the  great  petro- 
graphical  collection  of  Prof.  Hosenbusch.  Certainly,  no  geologist 
who  goes  to  Southern  Germany  should  fail  to  examine  it.  The 
collection  illustrating  rock  metaraorphism  and  the  origin  of  the 
crystalline  schists  is  especially  noteworthy ;  all  phases  of  this 
controversy  are  illustrated,  from  the  Norwegian  mica-schists  with 
Trilobites*  tails,  to  the  disputed  Nufenen  Schiefer  and  the  *'  spotted 
rocks  "  of  Scopi. 

Bonk, 

Like  so  many  of  the  German  Museums,  that  of  Bonn  has  recently 
changed  its  quarters.  The  collections  have  been  moved  from  the 
Poppelsdorf  to  the  University,  and  they  were  still  in  the  packing 
oases  at  the  time  of  my  visit.  Goldfuss*s  collectioa  and  the  second 
half  of  Sturtz's  first  series  of  Bundenbach  Echinoderms  are  preserved 
here. 

The  stock  of  Herr  Sturtz  (No.  2,  Eiessestrasse)  always  contains 
some  novelties,  and  is  well  worthy  of  examination. 

In  conclusion,  it  remains  to  again  express  my  warmest  thanks  to 
those  whose  unvarying  courtesy  and  kindness  rendered  my  visit  to 
the  Museum^  under  their  care  as  enjoyable  as  it  was  instructive. 


IV. — On  the  Stbuotubb  and  Stkatigkaphioal  Relations  of 

Rhobbll  Fawr. 

By  Gbbnyillb  A.  J.  Cole,  F.G.S.,  and 
Thomas  H.  Hollaxd,  A.N.S.S.,  Berkeley  Fellow  of  the  Owens  CoUege. 

IN  a  paper  dealing  with  some  phases  of  volcanic  action  in  North 
Wales,'  it  was  urged  that  contemporaneous  eruptive  rocks 
occurred  on  Cader  Idris  at  lower  horizons  than  the  acknowledged 
base  of  the  Arenig,  although  the  actual  vents  from  which  they  had 
arisen  were  lost  and  concealed  under  later  accumulations.     It  was 

^  Cole  and  Jennings,  "The  Northern  Slopes  of  Cader  Idris,"  Q.J.G.S.  vol.  2dv. 
(1889;,  p.  437. 
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pointed  out  that  the  mass  of  Ebobell  Fawr  was  of  oomposito 
character,  but  was  probably  distinct  from  the  series  on  CSader  Idrit. 
The  fragmental  character  of  much  of  its  material  having  been 
recognized  by  the  author  of  the  Survey-Memoir,  several  theories  are 
discussed  in  that  work  to  account  for  its  stratigraphical  positido.^ 
In  spite  of  the  lack  of  detail,  when  compared  with  other  areas,  with 
which  Rhobell  Fawr  has  been  represented  on  Sheet  75  S.E.  of  the 
Map  of  the  Geological  Survey,  the  ashes,  "breccias,"  and  other 
materials  piled  here  upon  the  edges  of  the  Lingnla  Flags  are  fully 
dealt  with  in  the  text  of  the  Memoir,  and  we  are  left  finally  to 
select  the  most  probable  explanation  of  those  put  forward.  Ifr. 
Clifton  Ward,  quoted  on  p.  59,  suggested  that  this  oentrs  of 
eruption  broke  out  **  after  the  close  of  the  Tremadoo-slate  period,** 
the  material  thrown  out  being  slightly  different  in  character  to  that 
of  the  widely  spread  Arenig  and  Llandeilo  series.  Prof.  Ramsay 
(on  p.  74)  seems  also  to  hold  this  view,  suggesting  in  addition  that 
there  is  local  unconformity  between  the  Tremadoc  and  the  Arenig 
series,  whereby  the  "Arenig"  volcanic  rocks  of  Rhobell  Fawr  come 
to  lie  upon  the  denuded  edges  of  the  Lingula  Flags.  The  remaining 
view  hinted  at  in  the  Memoir  is  that  the  volcano  of  Rhobell  Fawr 
is  older  than  the  Tremadoc  slates.  In  the  present  paper,  however, 
at  the  risk  of  multiplying  explanations,  we  hope  to  bring  forward 
evidence  to  show  that  it  is  in  reality  contemporaneous  with  the 
Tremadoa 

Mr.  Clifton  Ward,  when  mapping  the  Grit  that  has  been  regarded 
as  the  base  of  the  Aronig  in  this  area,  records  the  discovery  of  *'an 
oblong,  angular  block  of  grit "  a  little  below  the  summit  of  Rhobell 
Fawr,  "  but  no  traces  of  the  grit-bed  were  met  with." '  Whether 
or  no  we  lay  stress  upon  the  continuity  of  a  lithological  horizon 
across  a  considerable  area,  there  is  no  doubt  that  in  this  case  gritty 
beds  occur  only  a  mile  away  on  AUt  Lwyd,  above  the  Tremadoc 
slates  and  below  the  Arenig  volcanic  series ;  hence  a  similar  occur- 
rence on  Rhobell  Fawr,  as  Mr.  Ward  perceived,  would  have  a  real 
and  valuable  bearing  on  the  age  of  the  underlying  fragmental  rocks. 

Rhobell  Fawr  appears  as  a  broad  rugged  moorland  indented  on 
the  south-east  side  by  a  marked  semicircular  hollow,  on  the  margin 
of  which  the  two  most  distinctive  summits  rise.  The  more  northern 
of  these  is  Rhobell  Fawr  proper,  reaching  to  a  height  of  2408  feet 
above  the  sea-level;  the  more  southern  is  Moel  Cors-y-gamedd, 
about  1650  feet  high.  On  the  northern  slopes  of  the  volcanic  mass 
there  are  several  picturesque  little  prominences,  notably  Rhobell-y- 
£ig,  some  1580  feet  in  height 

During  a  recent  examination  of  the  area,  we  have  succeeded  in 
finding  bands  of  quartzose  grit  both  on  the  summit  of  Rhobell  Fawr 
and  of  Moel  Cors-y-gamedd.  In  each  case  the  bed  is  thin,  measur- 
ing about  one  foot  at  the  former  point  and  three  and  a  half  inches 
at  the  latter. 

On  Moel  Cors-y-garnedd  this  grit  forms  a  patch  underlying  the 

>  A.  C.  Ramsay,  **Tbe  Geology  of  North  Wales,"  2ad  edition  (1881),  pp.  68 
and  71.  '  Bamsay,  op,  eit.  p.  68. 
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rooks  of  the  actual  summity  which  consist  of  light-colonred  ash 
without  distinct  stratification.  On  its  western  side  the  grit  is 
exposed  along  a  north  and  south  line  for  about  80  yards,  and  is  seen 
to  dip  slightly  to  the  east.  Beneath  it  is  an  extremely  characteristic 
slaty  ash,  dark  and  well  bedded,  with  white  or  grey  bands  of 
coarser  felspathic  material.  Intrusive  dolerites  come  up  from  below 
into  the  series  and  locally  affect  its  members. 

The  grit  itself  contains  quartzite  pebbles,  sometimes  three-quarters 
of  an  inch  in  diameter,  together  with  numerous  rounded  fragments  of 
black  shale.  Here  and  there  rolled  lumps  of  andesite  occur,  resem- 
bling those  of  the  less  basic  tu£&  of  Bhobell  Fawr.  A  thin  parting 
of  shale  underlies  the  grit  at  places,  dividing  it  from  a  layer  of 
cemented  sand.  The  shale-pebbles  frequently  lie  with  their  longer 
diameters  at  a  high  angle  to  the  planes  of  stratification,  as  though 
they  had  been  rapidly  hurried  along  by  a  current  and  banked  up  in 
the  surrounding  sand.  The  larger  examples  of  these  black  lumps, 
which  may  have  been  only  slightly  consolidated  when  washed  into 
the  grit-bed,  have  developed  a  delicate  concentric  shell-structure  by 
contraction,  and  often,  in  form  and  in  the  markings  on  their 
fractured  surfaces,  present  a  curious  resemblance  to  Nummulites. 

Lower  down  on  Moel  Cors-y-gftmedd,  in  a  hollow  to  the  north- 
west of  the  summit,  grit  may  be  seen  again,  containing  rather  coarse 
pebbles  of  andesite;  and  on  the  bank  rising  to  the  east  of  this 
hollow  there  is  a  further  exposure  of  grit  in  a  bed  having  the 
thickness  and  characters  of  that  occurring  on  the  summit  of  Bhobell 
Fawr.  The  bed,  which  dips  south-east,  is  exposed  along  a  line 
running  north-east  and  south-west.  We  have  thus  probably  two 
distinct  beds  of  grit  on  Moel  Cors-y-gamedd,  one  of  which  resembles 
the  grit  of  Bhobell  Fawr,  whilst  both,  curiously  enough,  coincide 
in  thickness  and  relations  with  the  two  bands  of  grit  which  we  shall 
mention  as  occurring  on  Allt  Lwyd. 

The  summit  of  Bhobell  Fawr  is  similarly  encircled  by  exposures 
of  quartzose  grit,  which  correspond  in  character  with  the  lower  bed 
on  Moel  Cors-y-garnedd.  This  grit  is  best  seen  to  the  north-west 
of  the  2408  point,  where  it  has  an  easterly  dip.  The  dip,  however, 
varies,  and,  by  crossing  the  adjacent  boundary-wall,  several  outlying 
exposures  are  encountered,  much  disturbed  by  the  invading  dolerites. 
On  the  south-west  of  the  summit  the  grit  is  replaced  by  a  sandy 
ash ;  and  it  graduates  down  into  a  similar  bed  along  its  best  defined 
outcrop.  Below  it  are  the  characteristic  slaty  ashes,  precisely  as 
at  Moel  Cors-y-garnedd  ;  while  above  are  bedded  but  coarser  ashes. 
Hence  the  two  conspicuous  crests  of  the  denuded  volcanic  area 
appear  to  owe  their  origin  to  the  presence  of  these  relics  of  a  once 
continuous  gritty  layer.  The  metamorphic  action  of  the  intruding 
dolerites  may  have  given  the  bed  at  both  points  local  powers  of 
resistance. 

In  order  to  compare  the  grits  of  Bhobell  Fawr  with  those  recog- 
nized as  of  Arenig  age,  we  examined  the  steep  front  of  Allt  Lwyd 
(**Ballt  Llwyd"  of  the  one-inch  map),  which  rises  close  at  hand, 
facing  the  volcanic  area.     The  typical  grey  quartz-grit  occurs  here 
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tt  250  feet  aboYO  the  Afon  Mawddaob,  or  1200  feet  above  tbe 
The  beds  dip  from  25^  to  30^  to  tbe  nortb-east,  and,  if  con- 
dd  across  the  valley,  would  rise  easily  towards  tbe  crest  of 
bell  Fawr.  Below  tbe  grit  is  a  series  of  imperfect  slates,  re- 
ed by  tbe  Survey  as  IVemadoc ;  wbile  l)eDeatb  these,  on  tbe 
>8iDg  slope,  undoubted  Lingula  Flags  occur.  Above  the  main 
band  come  about  seven  feet  of  slates ;  then  a  thin  upper  seam 
rit.  Both  these  beds,  as  on  Moel  Cors-y-garuedd,  contain  black 
laceous  pebbles  as  well  as  quartz.  Higher  up  follow  more 
s,  and  then  finely-bedded  ashes  like  those  associated  with  the 
on  Khobell  Fawr.  Lastly  we  have  the  well-marked  Arenig 
anic  series,  with  its  grey  massive  '*  felstones  "  or  eurites,  forming 
dip- slope  of  Allt  Lwyd  and  the  summit-cliff  of  Ddualt,  the 
r  lying  immediately  to  the  south. 

'^e  have  found  a  pebble  of  pisolitic  iron -ore  high  upon  Allt 
'd,  and  the  bed  occurs  in  situ  below  the  eurite  on  the  hill  east 
lanfacbreth. 

be  base  of  the  ashes  and  agglomerates  of  Rhobell  Fawr  ad- 
edly  rests  upon  Lingula  Flags.  The  slaty  beds  of  this  series, 
I  the  peculiar  black  streak  mentioned  by  Belt  as  characteristic  of 
'  Dolgelly  Group,"  may  be  traced  all  round  the  area,  and  notably 
I  the  north  near  Rhobell -y- Big.  In  the  beautiful  little  gorge 
le  Afon  Geirw,  the  igneous  rocks  are  distinctly  intrusive,  and 
Lingula  series  is  considerably  contorted  and  crumpled ;  but  in 
moor  east  of  Hhobell-y-Big  the  homblendic  ashes  that  con- 
te  the  remarkable  basement-layers  of  the  volcano  can  be  seen 
lirect  contact  with  slates  containing  Orthis  lenticularia  and 
erous  fragmentary  remains  of  small  Trilobites.  Careful  search 
lis  district  should  reveal  many  of  the  fossil  forms  already  known 
1  Moel  Hafod-Owen. 

bis  junction  with  the  volcanic  series  is  well  exposed  in  the  little 
im-cut,  about  1300  feet  above  the  sea,  descending  to  the  Maw- 
h  at  Dol-y-cynafon.  The  gi*eat  mass  of  homblendic  ash  and  tuff 
above,  as  is  clearly  shown  at  Graig  Fach  some  two  miles 
ler  to  the  south.  As  Professor  Ramsay  has  pointed  out,  there 
»  evidence  to  connect  the  volcanic  series  with  the  Lingula  Flags, 
ccurs  upon  the  highest  members  of  that  series,  without  the 
vention  of  Tremadoc  beds ;  but  at  tbe  same  time  it  differs  in 
logical  characters  from  the  adjacent  volcanic  products  that 
(ubtedly  overlie  the  Arenig  grit. 

le  apparent  thinness  of  the  Tremadoc  Slates  in  this  area  has 
3d  some  trouble  to  stratigraphers ;  but,  supposing  a  fault  to 
r  along  the  foot  of  Allt  Lwyd  and  of  Ddualt,  this  only  serves 
crease  the  difference  of  level  and  of  relations  between  the  series 
hobell  Fawr  and  that  of  the  Arenig  "  felstones."  The  position 
le  grit-beds  on  Rhobell  Fawr  seems  to  greatly  strengthen  our 
jntion,  viz.  that  this  mass  represents  a  volcanic  outbreak 
rring  between  the  deposition  of  the  latest  Lingula  Flags  and 
\.renig  grit,  and  consequently  of  Tremadoc  age. 
le  earliest  outbursts  were  doubtless  accompanied  by  consideral^l^ 
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movement  of  the  sea-floor,  allowing  even  of  local  denudation ;  wbUe 
hollows  may  have  been  formed  by  the  explosive  action,  though  there 
is  a  marked  absence  of  the  tuf^  with  slate-fragments  that  are  so 
conspicuous  on  the  slopes  of  Cader  Idris. 

The  coarse  hornblende-ash,  with  its  handsome  crystals,  a  rook 
perhaps  unique  in  Wales,  passes  into  more  fine-grained  types  as  the 
summit  of  the  hill  is  neared.  At  the  close  of  activity  we  find,  both 
on  Rhobell  Fawr  and  Moel  C!ors-y-gamedd,  a  return  to  normal 
sedimentation,  the  formation  of  shaly  layers,  and  the  incoming  of 
the  beds  of  grit  The  latter  were  deposited  by  waters  flowing  not 
only  over  ancient  quartzites,  but  over  andesitic  cones,  which  had  at 
one  time  risen  well  above  the  sea. 

To  the  east,  in  the  area  of  Allt  Lwyd  and  Ddualt,  ordinary  sedi- 
ments were  contemporaneously  formed ;  and  when  the  volcanio 
activity  diminished,  and  the  vast  mass  of  erupted  matter  sank  into 
the  shattered  and  yielding  Lingula  Fla^  through  whidi  it  had  been 
projected,  a  common  undisturbed  sea-floor  was  re-established,  and 
the  sandy  layers  were  deposited  over  all  alike.  The  intrusive 
dolerites,  which,  with  the  other  rocks,  we  hope  to  subject  to  closer 
petrological  examination,  may  or  may  not  prove  to  be  connected 
with  the  fragmental  deposits  of  Rhobell  Fawr.  In  any  case  we 
cannot  but  regard  this  volcano  as  commencing  in  Tremadoc  times, 
and  as  a  precursor  of  the  great  Ordovician  eruptions ;  and  the 
existence  of  such  sporadic  outbursts  must  be  taken  into  account  as 
a  disturbing  cause  when  we  seek  to  correlate  the  strata  below  the 
Middle  or  basement  Arenig  of  North  Wales  with  those  of  other  areas. 

We  append  a  section,  in  the  preparation  of  which  we  have  been 
greatly  aided  by  the  new  Ordnance  maps  on  the  scale  of  six  inches 
to  the  mile.  Considering  the  absence  of  the  homblendic  tuffs  on 
the  east  of  Moel  Cors-y-gamedd,  and  the  close  resemblance  of  the 
beds  beneath  the  grit  to  those  on  the  summit  of  Khobell  Fawr,  we 
have  represented  the  great  mass  of  the  tuffs  at  the  former  point 
as  cut  out  by  an  oblique  fault,  which  would  account  for  the  low 
position  of  the  grit- series  and  its  proximity  to  the  black  Lingula 
Flags.  The  vertical  scale  of  the  section  is  the  same  as  the  horizontal, 
so  that  distortion  of  dip  or  of  the  relations  of  the  several  exposures 
of  the  grit  is,  we  trust,  avoided. 

During  our  examination  of  the  area  of  Rhobell  Fawr,  we  have 
been  frequently  in  communication  with  Mr.  G.  J.  Williams,  F.G.S., 
who  has  remarked,  among  other  notes,  upon  the  similarity  of  a 
specimen  of  the  grit  of  Moel  Cors-y-gamedd  and  the  typical  Garth 
grit  of  the  Ffestiniog  area. 

V. — On  the  Occukrenoe  of  Lbmminos  and  other  Rodents  in  thb 

Brick-Earth  of  the  Thames  Valley. 

ByE.  T.  Newton,  F.G.S.,  F.Z.S. 

"VrOT WITHSTANDING  the  large  number  of  Mammalian  remains 

J^      which  have  been  found  in  the  Brick-Earth  of  the  Thames 

Valley,  they  have  for  the  mo%V.  ^«tV.  \i^«ii  ^^xNassia  qC  the  larger 

forms,  and  very  few  exampVea  oi  ^^  sinaXi^t'^l^xMs^J^&Xja^^XiJ^^^ 
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been  discovered.  Professor  W.  Boyd  Dawkins  and  Mr.  W.  A.  Sanford 
(Brit.  Pleist  Mam.  Pal.  Soa  vol.  for  1864,  p.  xxxvi,  1866)  have 
noticed  the  occurrence  of  Arvieola  amphibia  in  the  Pleistocene  of 
Ilford,  Crayford,  and  Erith ;  while  from  the  last-named  locality  Mr. 
B.  W.  Cheadle  (Proo.  W.  London  Sci.  Assoa  vol.  i.  p.  71,  1876) 
recorded  the  remains  of  SpermophiluSy  which  Mr.  Lydekker  has  more 
recently  (Cat  Foss.  Mam.  Brit.  Mus.  part  L  1885,  p.  212)  referred 
to  Falconer's  species  8,  eryihrogenoides. 

Several  species  of  small  Bodents  have  been  discovered  in  Pleisto- 
cene deposits  in  other  parts  of  England  (see  Sanford,  Quart.  Jouru. 
Oeol.  Soc.  vol.  xxvi.  p,  124, 1869,  and  Blackmore  and  Alston,  Proc. 
Zool.  Soc.  1874,  p.  460),  and  it  seemed  likely  that  they  would  be 
found  also  in  similar  deposits  of  the  Thames  Valley.  As  no  such 
specimens  were  to  be  found  in  the  British  Museum,  and  only  one 
was  preserved  in  the  Museum  of  Practical  Qeology,  I  applied 
to  several  friends  who  had  made  collections  from  tibese  deposits; 
but  the  result  was  far  from  satisfactory.  However,  Mr.  Spurrell 
and  Mr.  Cheadle  each  possessed,  in  addition  to  the  remains  of 
Spermophilus,  some  Arvicoline  bones,  teeth  and  jaws,  and  I  am 
under  obligation  to  both  my  friends  for  readily  placing  their 
specimens  in  my  hands  for  determination,  thus  enabling  me  to 
record  from  the  Brick-Earth  of  the  Crayford  district  two  species  of 
My  odes  (Lemmings)  and  an  Arvieola  (Vole),  not  hitherto  known  to 
occur  in  that  district. 

The  teeth  of  these  Bodents  are  very  characteristic,  and  the  species 
may  therefore  be  determined  with  certainty,  but  the  limb-bones 
cannot  so  easily  be  correlated  with  the  teeth. 

Microttu  (Arvieola)  amphibius,  Linn.,  sp. 

The  only  specimen  from  the  Brick-Earth  of  the  Thames  Valley 
which  1  can  with  certainty  refer  to  this  species  is  a  portion  of  a 
lower  jaw,  from  Ilford,  in  the  Cotton  Collection,  preserved  in  the 
Museum  of  Practical  Geology.  All  the  remains  of  ArvicolidsB  from 
Crayford  and  Erith,  which  I  have  seen,  are  referable  to  one  or  other 
of  the  species  noticed  below. 

Mtcrotus  (Arvieola)  raiticeps.  Key  and  Bl.,  sp. 

A  right  ramus  of  a  lower  jaw,  with  two  grinders  (Fig.  1)  in 
place,  together  with  isolated  teeth,  from  Crayford,  in  Mr.  Cheadle's 
Collection  (now  preserved  in  the  Museum  of  Practical  Geology), 
and  three  lower  jaw  rami  and  several  teeth  in  Mr.  Spurrell's 
Collection,  from  Erith,  are  referred  to  Microtus  ratticeps. 

The  most  characteristic  tooth  of  this  species  is  the  anterior  grinder 
of  the  lower  jaw  (Fig.  1,  tn  1),  which  has  five  angles  on  the  inner 
side  and  three  on  the  outer  side,  the  two  anterior  and  outer  columns 
having  coalesced  to  form  one  cement  space  with  a  nearly  flat  outer 
wall.  There  are  differences  to  be  observed,  among  the  specimens 
from  the  Thames  Valley,  in  the  form  of  this  anterior  and  outer 
column,  the  example  figured  being  rather  laxgex  l\i«ii  %wci^  Q>^  ^Oo^fe 
others,  and  more  nearly  resembles  the  figwxo  gVv^tL  Vj  "^^"swt^. 
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Blackmore  and  Alston  (loe.  cit  p.  465),  who  call  attentioD  to  smihr 
▼ariation  which  they  have  noticed  in  this  species.  Hie  seoond 
lower  grinder  (Fig.  1,  m  2)  has  three  inner  and  three  cater  MOfjim, 
but  this  tooth  is  not  characteristic.  There  are  several  examples  of 
the  peculiar  last  upper  grinder  of  tbis  species  (Fig.  2),  which  hm 
four  inner  and  three  outer  angles,  with  the  hinder  end  of  the  tooth 
curved  and  hook-like. 

The  occurrence  of  tbis  species  in  the  Thames  Valley  has  alresdj 
been  noticed  in  Mr.  Wbi taker's  Greology  of  London  and  Parts  of  the 
Thames  Valley  (Mem.  G^eol.  Survey,  p.  336,  1890). 

At  the  present  day  Arvicola  ratticep$  is  found  in  the  more  northen 
parts  of  Europe  and  Asia. 
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EXPLANATION  OF  FIGURES. 

Patterns  of  grinding  surfaces  of  teeth  of  Arvicolidae  from  the  Brick -Earth  of 
Crayford  and  Erith. 

Fio.  1.  Jfierotus  {Arvicola)  rattieep$,  right  lower  molars  1  and  2. 

2.  Ditto,  right  upper  molar  3. 

3.  Myodei  iorquatut^  right  lower  molar  1. 

4.  Ditto,  right  lower  molar  3. 
0.       Ditto,  right  upper  molar  1. 

6.  Ditto,  right  upper  molar  2. 

7.  Mijodes  UmmuMy  right  lower  molar  1. 

8.  Ditto,  right  upper  moUr  1. 

All  the  figures  fire  times  natural  size. 

My  odes  torquaius,  Desm. 

Mr.  Spurrell  possesses  a  single  example  of  this  species  from  Eritli, 
and  the  specimen  consists  of  a  portion  of  a  right  mandibular  ramus 
with  the  first  and  third  molars  complete  and  in  situ;  but  only  a 
fragment  of  the  second  tooth  remains.  Embedded  in  the  sanie 
piece  of  matrix,  and  in  natural  relation  to  the  lower  jaw,  is  a 
portion  of  the  right  maxilla  with  the  first  and  second  grinders  in 
place,  but  the  third,  hinder  molar  is  wanting.  The  camera-lncida 
drawings  of  the  patterns  of  these  teeth  (Figs.  3,  4)  will  be  found 
to  agree  so  exactly  with  those  of  Myodes  torquatus  as  to  leave  no 
doubt  as  to  their  specifio  identity. 
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The  anterior  lower  grinder  has  six  inner  and  five  outer  angles, 
while  the  last  lower  grinder  (Fig.  4)  has  three  inner  and  three 
outer  angles,  with  five  cement  spaces,  the  anterior  outer  space  being 
distinctly  smaller  than  the  others.  The  anterior  upper  grinder 
(Fig.  5)  has  four  inner  and  four  outer  angles,  with  seven  cement 
spaces,  the  hindermost  of  the  inner  spaces  being  nidimentary.  The 
second  upper  grinder  (Fig.  6)  has  four  inner  and  three  outer  angles 
with  six  cement  spaces,  the  hindermost  of  the  inner  spaces  being 
again  rudimentary. 

There  is  in  the  Museum  of  Practical  G^logy  another  specimen, 
referable  to  this  species,  from  the  Brick-Earth  of  Murston,  near 
Sittingboume,  Kent.  It  comprises  parts  of  both  upper  and  lower 
jaws,  very  much  crushed,  but  with  the  upper  incisors,  and,  fortunately, 
one  of  the  anterior  lower  grinders  preserved.  The  pattern  of  the 
last-named  tooth,  with  its  six  inner  and  five  outer  angles,  leaves  no 
doubt  as  to  its  belonging  to  Myodes  iorquatw. 

At  the  present  day  Myodes  torquatua  has  a  circumpolar  dis- 
tribution ;  but  is  rare  in  Greenland,  and  is  said  not  to  occur  in 
Eussian  Lapland. 

Myodes  lemmua,  Linn. 

Another  specimen  from  Erith,  in  Mr.  Spurrell's  Collection,  is  to 
be  referred  to  Myodes  Ummus ;  it  is  a  part  of  a  lower  jaw  embedded 
in  matrix,  with  the  two  incisors  and  the  right  and  left  anterior 
grinders  in  place ;  there  are  also  fragments  of  the  upper  jaw  in- 
cluding the  right  and  left  anterior  grinders. 

The  lower  front  grinder  (Fig.  7)  is  characterized  by  four  inner 
and  three  outer  angles,  with  five  cement  spaces ;  while  the  upper 
front  grinder  (Fig.  8)  has  three  inner  and  three  outer  angles,  with 
five  cement  spaces. 

Myodes  lemmus  is  living  at  the  present  day ;  but  is  restricted  to 
Scandinavia  and  Russian  Lapland. 

The  Rodents  now  known  to  occur  in  the  Brick-Earth  of  the 
Thames  Valley  are : —  Castor  fibevj  Linn. ;  Spemwphiltu  erythro' 
genoides,  Falc. ;  Microtus  {Arvicola)  amphibiuSf  Linn. ;  Microtus 
(Arvicola)  ratticeps,  Key.  and  Bl. ;  Myodes  torquatus,  Desm.;  and 
M.  lemmus,  Linn. 

YI. — YSBTEBBATX  PALEONTOLOGY  IN   SOME  AmEBIOAN  AND  CANADIAN 

Museums. 

By  A.  Smith  Woodwam),  F.G.S.,  F.Z.S., 

of  the  British  Musefom  (Natural  History). 

{Concluded from  the  September  Number,  page  395.) 

Washington. 

The  collection  of  Fossil  Yertebrata  in  the  National  Museum  at 
Washington  is  at  present  insignificant ;  and  the  only  type-specimens 
observed  by  the  writer  are  the  fish-remains  described  by  Prof. 
Leidy  under  the  names  of  Clnpea  humilis,  Cladoeydus  occidentoUs, 
PhareoduB  aeutus,  and  Lepidosteus  simplex,  besides  some  {t^<^gc^<es^X»s7 
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■peoimens  from  the  Hamilton  Group  made  known  by  Prof.  J.  li. 
Clarke  in  the  Bull.  U.  S.  GeoL  Survey,  No.  16  (1885).  The 
palaeontologist  interested  in  the  lower  vertebrates,  however,  finds 
much  to  occupy  him  in  the  collection  of  recent  fish  skeletons  made 
by  Prof.  Theodore  Gill,  who  has  contributed  perhaps  more  than 
any  other  ichthyologist  to  our  knowledge  of  those  parts  with  whidi 
the  palsBontologist  is  alone  able  to  deal.  At  the  time  of  the  writer's 
visit,  Prof.  Gill  was  occupied  with  an  investigation  of  the  skeletal 
anatomy  of  the  eels ;  and  a  large  number  of  beautiful  drawings  of 
the  cranial  osteology  of  various  great  groups  of  bony  fishes,  as  yet 
in  the  Professor's  portfolio,  are  intended  for  the  basis  of  a  forth- 
coming general  work,  to  which  all  who  are  interested  in  paheich- 
thyology  will  anxiously  look  forward. 

BOCHBSTER,  N.Y. 

No  European  regards  a  tour  on  the  American  Continent  complete 
without  at  least  a  brief  visit  to  the  remarkable  cataract  of  Niagara, 
whether  regarded  merely  as  a  scene  or  as  a  noteworthy  geological 
phenomenon ;  and  the  palsBontologist  feels  an  additional  attraction 
in  that  direction  from  the  close  proximity  of  Rochester,  where  Prof. 
Henry  A.  Ward  has  his  well-known  emporium  of  recent  and  fossil 
zoological  specimens,  rocks,  and  minerals.  *'  This  is  not  a  Museum, 
but  a  working  establishment,  where  all  are  very  busy  I  " — according 
to  the  printed  notice  that  first  meets  the  visitor's  eye ;  but  there  is 
always  a  welcome  for  the  Naturalist,  and  the  specimens  are  far 
more  carefully  displayed  and  more  beautifully  kept  than  in  many 
Museums  the  writer  has  had  the  privilege  of  visiting.  In  addition 
to  the  ordinary  routine  of  business,  Prof.  Ward  is  at  present  engaged 
upon  an  unique  collection  of  the  skeletons  of  marine  Invertebrata ; 
while  his  geological  partner,  Mr.  E.  E.  Howell,  is  equally  absorbed 
in  bringing  together  an  extensive  series  of  Meteorites.  The 
Professor's  visit  to  South  America  last  year  resulted  in  the  discovery 
of  several  skeletons  of  the  large  extinct  Edentata,  which  are  now 
being  mounted  for  the  Agassiz  Museum  at  Cambridge ;  and  the 
large  collection  of  material  in  the  palaeontological  galleries  comprises 
much  that  is  as  yet  quite  unrepresented  in  European  Museums. 
Numerous  Cretaceous  Fishes  and  Mosasaurians  from  Kansas,  a  large 
series  of  the  well-known  fishes  of  the  Green  River  Shales,  and 
several  Chelonian  and  Mammalian  fossils  from  the  Tertiaries  of  the 
West,  were  among  the  principal  Vertebrates  the  writer  observed. 

Toronto. 
Fossil  Yertebrata  do  not  appear  to  have  been  much  represented 
in  the  Museum  of  the  Toronto  University.  It  may,  however,  be 
remarked  that  all  the  paladontological  specimens  were  in  the  main 
building,  of  which  the  greater  part  was  destroyed  by  last  year's 
disastrous  fire.     The  collection  will  thus  require  complete  renewal. 

Ottawa. 

In  the  Canadian  capital,  c\o%e\^  oA^Qvcvm^thQ  Qovemment  grounds, 
IB  the  small,  neatly  aTiang<d^  'NLvja^utsi  oi  ^^  QLw\^^^5»iL  ^\a.H<^^> 
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occupying  the  same  building  as  the  offices  of  the  Survejon.  One 
comparatively  large  gallery  is  devoted  to  Canadian  fossils,  arranged 
in  stratigraphical  order;  and  here  are  conveniently  displayed  all 
the  type-specimens  described  in  the  publications  of  the  Survey. 
Among  lower  Vertebrates  the  fine  collection  of  Devonian  Fishes 
from  Scaumenac  Bay,  made  known  by  Mr.  J.  F.  Whiteaves,  F.G.S., 
is  most  conspicuous;  and  in  the  total  absence  of  all  European 
material  for  comparison,  one  cannot  but  be  struck  with  the  success 
with  which  the  specimens  have  been  determined  and  interpreted. 
Mr.  Whiteaves'  published  figures  are,  for  the  most  part,  slightly 
restored  outlines;  but  the  specimens  are  all  in  an  exquisite  state 
of  preservation,  while  many  minute  points  in  their  skeletal  anatomy 
(e.g.  the  **  lid  "  of  Bothriolepia)  have  only  been  exposed  by  a  careful 
removal  of  the  adhering  matrix.  Seveial  small  Palaaoniscid  fishes 
from  the  Lower  Carboniferous  of  New  Brunswick  are  also  exhibited ; 
and  among  the  miscellaneous  collections  in  cabinets  is  a  large  series 
of  fish-fragments  from  the  Coal-measures  of  Cape  Breton,  closely 
resembling  a  collection  that  might  be  obtained  from  the  shales  of 
almost  any  British  Coal-field.  Among  recent  acquisitions  is  an 
interesting  small  collection  of  ChimaBroid  teeth  and  other  fish- 
remains  from  a  newly-disoovered  Devonian  horizon  in  Winnipeg, 
which  will  shortly  be  described  by  Mr.  Whiteaves.  One  case  in  the 
public  gallery  is  occupied  with  numerous  fragments  of  Tertiary 
Mammalia,  also  lately  received  from  the  N.W.  Territories  ;  and  these 
will  form  the  subject  of  a  forthcoming  memoir  by  Prof  E.  D.  Cope, 
considerably  extending  the  known  range  of  some  of  the  genera 
already  described  from  more  southern  areas.  The  walls  of  the 
Museum  are  occupied  with  maps,  sections,  proof-plates,  and  several 
slabs  of  rock,  the  latter  including  among  others  the  well-known 
footprints  of  Sauropus,  from  the  Millstone  Grit  of  Nova  Scotia, 
described  by  Sir  J.  William  Dawson. 

Montreal. 

There  are  two  interesting  palasontological  collections  in  Montreal 
— that  of  the  Natural  History  Society,  and  that  founded  by  Sir  J. 
William  Dawson,  F.R.S.,  in  the  Peter  Redpath  Museum  of  Mc  Gill 
College.  The  latter,  however,  alone  comprises  any  Vertebrates  of 
importance.  Here  are  preserved  the  remarkable  skeletons  of  Laby- 
rinthodonts  discovered  by  Sir  William  Dawson  in  the  Carboniferous 
tree-stumps  of  the  South  Joggins ;  and  here,  too,  are  nearly  all  the 
fish-remains  described  or  noticed  in  the  "  Acadian  Geology."  The 
Lahyrinthodont  fossils  are  most  difficult  of  determination  from  the 
imperfect  and  scattered  nature  of  the  bones;  and  many  of  the 
structures  most  carefully  and  beautifully  figured  in  Sir  William 
Dawson's  well-known  memoirs  can  only  be  observed  after  the 
closest  scrutiny.  Among  the  fish -remains,  the  type  of  Palaoniscus 
modulus  appears  to  the  present  writer  to  belong  to  the  Scottish  Lower 
Carboniferous  genus  CanohiuSf  as  defined  by  the  latest  researches ; 
while  the  supposed  remains  of  Bhizodus  would  in  Britain  be  q&q.\^^<^ 
to  its  closely  related  genus  Strepaoduz.  "Nwmetoxva  ^^Ax^^gcckWoXA 
fjvm  the  Coal-meaaurea  of  Nova  Scotia  mflacaV.^  >iN;i^  ocssaxx^-^^^  ^'^ 
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Aeanihodes,  Rhizodopats,  Megaliehthys,  CcRlaeanihuSf  and  Platyscmu; 
and  among  Devonian  fishes,  there  is  the  unique  type-specimen  of 
Cephala8pi8  Dawioni  from  Gasp^  Of  recently  determined  acqui- 
sitions, the  most  interesting,  perhaps,  is  a  small  Cottu$  from  the 
Pleistocene  nodule  bed  of  Green's  Creek,  near  Ottawa,  described  by 
Sir  William  Dawson  in  vol.  iv.  No.  2,  of  the  "  Canadian  Beoord  of 
Science."  All  the  more  important  of  these  fossils  are  beautifully 
displayed,  with  complete  labels,  in  small  exhibition  cases ;  and  the 
collection  is  arranged  in  stratigraphical  order  on  the  first  floor  of 
the  Museum,  with  Uie  zoological  collection  in  an  encircling  gallery 
immediately  above. 

QUBBEO. 

There  is  a  small  Museum  in  the  Laval  University,  Quebec,  under 
the  care  of  the  Abbe  Laflamme ;  but  the  palsBontological  collection 
is  insignificant,  and  the  only  items  of  special  interest  are  the  relics 
of  the  old  Huron  Indians. 

Boston  and  Cambbidqb. 

The  fine  Museum  of  the  Boston  Society  of  Natural  History 
comprises  a  good  general  European  collection  of  fossils  in  addition 
to  those  of  America;  but  the  only  Vertebrates  of  special  interest 
are  some  well-preserved  examples  of  the  Lower  Carboniferous 
PalsBoniscid  fishes  from  New  Brunswick,  and  a  few  representatives 
of  Ischypterus  and  Dictyopyge  from  the  black  Triassic  shales  of 
Connecticut. 

In  the  adjoining  University  city  of  Cambridge,  however,  there 
is  a  most  extensive  collection  of  fossil  Vertebrata  in  the  Agassis 
Museum  of  Comparative  Zoology.  One  of  the  most  striking  features 
of  the  public  galleries  in  this  Museum  is  the  manner  in  which 
merely  a  selection  of  the  more  instructive  types  is  exhibited,  without 
any  of  the  overcrowding  and  bewildering  array  that  characterizes 
most  institutions  of  a  similar  nature.  The  majority  of  the  remains 
of  extinct  Vertebrata  are  thus  placed  in  one  of  the  capacious  store- 
rooms ;  and  the  collection  has  accumulated  to  such  an  extent  that  it 
has  been  necessary  to  stow  away  the  specimens,  in  most  cases,  upon 
shelves  and  in  drawers  without  any  definite  arrangement.  The 
Mammalia  form  the  only  group  that  has  hitherto  been  investigated 
in  detail,  these  remains  being  described  by  Professors  Scott  and 
Osbom,  of  Princeton ;  but  the  fossil  Reptiles  occupy  many  cabinets, 
and  the  fossil  Fishes,  to  which  the  writer  devoted  most  of  Ins 
attention,  by  kind  permission  of  Prof.  A.  Agassiz,  form  a  still  more 
extensive  series,  representing  both  the  Old  World  and  the  New. 
A  large  number  of  Cretaceous  fish-remains  from  Kansas  are  referable 
to  genera  and  species  described  by  Prof.  Cope ;  and  several  fishes 
from  the  Coal-measures  of  Ohio  evidently  represent  forms  made 
known  in  the  works  of  Prof.  Newberry.  The  Wachsmuth  collection 
of  American  Lower  Carboniferous  Selachian  teeth  is  also  here; 
while  a  number  of  remains  of  the  huge  Dinichthys,  discovered  by 
Mr.  Jay  Terrell  in  Ohio,  and  lately  studied  by  Profl  Newberry,  are 
rivalled  only  by  those  in  the  Museum  of  Gulombia  College,  New 
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York.  Among  misoellaneoiis  European  fossils  is  the  type-specimen 
of  SemionoiuB  Nilssoni,  Ag.,  from  Sweden ;  and  most  British  and 
Continental  horizons  are  well  represented  bj  typical  species.  From 
the  Lower  Carboniferous  of  Scotland  there  is  the  fine  collection  of 
Mr.  Thomas  Stock;  and  from  the  Coal-measures  of  Yorkshire  is 
a  small  series  collected  by  Mr.  Percy  Sladen.  One  of  the  ELaeberlein 
Collections  furnishes  a  great  number  of  beautiful  fishes  from  the 
Bavarian  Lithographic  Stone  ;  and  there  are  many  drawers  of 
Tertiary  fishes  obtained  from  various  sources.  The  most  precious 
of  all  European  collections,  however,  is  that  of  Schultze  from  the 
Devonian  of  the  Eifel,  which  is  in  many  respects  unique.  In  this 
are  preserved  the  type-specimens  of  H.  von  Meyer's  Phyaichthys 
Hoeninghausi,  proving  that  that  supposed  genus  and  species  is 
founded  upon  remains  of  three  distinct  genera  (MaeropetaliehthySf 
Pterichthys,  and  Ptyclodus) ;  there  are  also  many  examples  of  Schliiter's 
Ceraspia,  which  are  more  suggestive  of  an  ally  of  Aaterolepia  than 
of  a  Pteraspidian ;  and  a  number  of  sigmoidal  detached  teeth  are 
indistinguishable  from  those  of  the  "  intermandibular  arch "  of 
Onychodus,  In  the  basement  of  the  Museum,  Mr.  Samuel  Garman 
has  the  large  collection  of  recent  fishes,  amphibians,  and  reptiles 
under  his  charge ;  and  here  is  the  original  example  of  the  antique 
Shark,  Chlamydo$elache,  described  in  his  well-known  memoir. 

Yale  University,  New  Haven. 

Of  the  Peabody  Museum  in  Yale  University  only  one  wing  is  as 
yet  erected,  and  the  enormous  collections  are  thus  crowded  together 
in  an  almost  inaccessible  manner.  The  Palseontological  Department, 
under  the  direction  of  Prof.  Marsh,  occupies  by  far  the  greatest 
space ;  for  here  is  preserved  not  only  the  well-known  collection  of 
the  Professor  himself,  but  also  that  of  the  present  U.S.  Geological 
Survey  made  under  his  direction.  The  former  is  destined  to  remain 
in  its  present  "location,"  while  the  latter  will  be  forwarded  in 
instalments  to  the  National  Museum,  Washington,  as  the  various 
groups  are  investigated  and  described. 

Only  one  public  gallery  is  devoted  to  the  exhibition  of  the 
American  extinct  Vertebrata ;  and,  as  in  the  case  of  the  Cambridge 
Museum,  merely  a  few  prominent  types  of  each  great  group  are 
selected  for  representation.  The  greater  portion  of  the  skeleton  of  a 
finely-preserved  Mastodon  occupies  the  first  wall-case  on  the  Mam- 
malian side  of  the  gallery ;  and  this  is  followed  by  tolerably  complete 
series  of  bones  of  various  genera  and  species  of  BrontotheriidsB  and 
Dinocerata.  The  skulls  and  examples  of  the  dentition  are  especially 
fine,  and  all  the  more  massive  specimens  are  mounted  upon  plaster 
bases  for  support  A  few  small  feet  illustrate  some  stages  in  the 
history  of  the  Equidse,  though  the  series  is  not  so  complete  as 
an  ordinary  visitor  would  desire ;  and  another  table-case  contains 
the  type-collection  of  the  now  well-known  birds  with  teeth,  from 
the  Kansas  Chalk.  Immediately  opposite  the  entrance,  spread  out 
upon  the  fioor,  are  some  of  the  limb-bones,  the  sacrum,  and  caudal 
vertebrse,  of  the  huge  BrontosauruSt  of  whose  dimensions  the  reduced 
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published  figures  can  give  no  adequate  idea.  The  remainder  of 
the  bones  are  plaoed  in  one  of  the  store-rooms  below,  and  it  is  not 
unlikely  that  a  model  of  the  complete  skeleton  will  be  prepared  and 
mounted  for  the  forthcoming  World's  Fair  at  Chicago.  Many  other 
portions  of  Dinosaurs,  including  AUantoaaums,  MoroaauruM,  Stego- 
8auru8,  etc.,  are  arranged  in  and  upon  the  adjoining  wall-cases ;  and  a 
typical  series  of  the  enormous  dermal  plates  and  spines  of  Stegosaum 
is  placed  on  plaster  blocks  in  one  of  the  table-oases.  A  large  slab 
from  the  Cretaceous  of  Kansas  displays  the  skeleton  of  a  Mosasanrian 
Beptile  in  a  condition  such  as  is  unknown  among  its  European 
congeners ;  and  a  single  table-case  is  devoted  to  a  large  series  of 
Teleostean  fishes  from  the  Green  River  Shales  of  Wyoming. 

The  nature  of  the  contents  of  the  extensive  store-rooms  is  so  well 
known  from  the  published  descriptions  and  figures  of  Prof.  Marsh, 
that  it  is  unnecessary  to  attempt  any  enumeration.  It  is  only  to  be 
regretted  that  so  great  a  want  of  space  should  prevent  the  materials 
being  arranged  in  a  more  accessible  manner.  All  the  smaller 
specimens  are  contained  in  wooden  trays,  piled  up  from  the  floor  to 
the  roof  in  long  rows,  though  all  carefully  labelled  according  to  the 
Museum  Eegister ;  while  the  larger  fossils  are  plaoed  on  the  floors 
and  shelves  wherever  there  happens  to  be  an  available  comer.  The 
latest  arrivals,  as  yet  untouched,  are  also  there,  wrapped  up  like 
mummies  in  encircling  strips  of  linen  and  old  garments.  Other 
specimens  are  being  extricated  from  the  matrix  by  the  skilful 
masons  —  the  huge  horned  Dinosaur,  with  a  head  six  feet  long, 
undergoing  this  operation  at  the  time  of  the  writer's  visit  The 
artist  is  at  work  in  another  room,  where  many  of  his  finest  drawings 
adorn  the  walls ;  and  at  present  the  sifting  of  fine  Laramie  material 
is  also  in  progress,  for  the  recovery  of  the  Mammalian  teeth,  of 
which  many  have  been  made  known  by  the  Professor.  Among 
lower  Vertebrates,  there  is  the  Redfield  Collection  of  Triassic  Fishes ; 
and  numerous  Cretaceous  and  Tertiary  Fish- remains,  as  yet  almost 
untouched,  are  scattered  through  the  trays  more  especially  devoted 
to  Reptilia  and  Mammalia. 

In  this  Museum,  as  at  Philadelphia,  a  series  of  fragments  of  the 
Weald  en  Dinosaurs  from  Sussex  bears  witness  to  the  generosity 
of  Dr.  Mantell  at  the  time  when  such  remains  excited  the  wonder  of 
naturalists  everywhere  and  were  still  unknown  in  the  New  World ; 
and  if  our  American  fellow- workers,  out  of  their  present  riches, 
reciprocated  this  gift  in  proportion,  British  palaeontologists  would 
already  have  a  ^i\e  series  of  actual  specimens  for  comparison,  instead 
of  being  compelled  to  rely  entirely  upon  published  descriptions, 
figures,  or  casts. 

In  conclusion,  the  writer  would  tender  his  best  thanks  to  all 
whose  cordial  receptions  everywhere  added  so  much  to  the  enjoy- 
ment of  his  tour.  JSven  under  the  most  unfavourable  circumstances, 
every  facility  for  study  was  invariably  granted  ;  and  where  such  large 
collections  have  accumulated  in  so  short  a  space  of  time  the  difiiculty 
of  convenient  arrangement  is  in  nearly  all  cases  considerable. 
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VII. — On  a  New  Fobu  op  Spiral  in  Spirifera  qlabra. 

By  tlie  Ber.  No&man  Glass. 

IN  Davidson's  Monograph  of  the  British  Carboniferous  Brachiopoda 
(1857),  p.  60,  he  gives  the  following  specifio  characters  of 
Spirifera  glabra : — "  Very  variable  in  shape  and  proportions  ;  trans- 
versely oval,  rarely  as  long  or  longer  than  wide.  Valves  almost 
equally  convex,  with  a  mesial  elevation  or  fold  in  the  dorsal,  and 
a  sinus  in  the  ventral  valve.  Hinge-line  much  shorter  than  the 
greatest  width  of  the  shell ;  cardinal  angles  rounded  ;  beaks  rather 
approximate,  that  of  the  larger  or  ventral  valve  prominent,  incurved, 
and  of  moderate  dimensions.  A  hinge-area  in  the  dorsal  valve,  that 
of  the  ventral  one  triangular  and  of  moderate  dimensions,  with  its 
lateral  margins  more  or  less  sharply  defined ;  fissure  partially  covered 
by  a  pseudo-del tidium.  The  mesial  fold  in  the  dorsal  valve  is 
either  slightly  and  evenly  convex,  rising  gradually  from  the  lateral 
portions  of  the  valve,  or  abruptly  elevated,  with  a  longitudinal 
depression  along  its  middle,  which  is  also  at  times  reproduced  in 
the  sinus  of  the  ventral  one.  The  spiral  appendages  are  large,  and 
occupy  the  greater  portion  of  the  interior  of  the  shelL  Surface  of 
valves  in  general  smooth,  but  sometimes  a  few  obscure  rounded  ribs 
may  be  observed  on  their  lateral  portions." 

In  a  note  appended  to  the  above  Davidson  says : — "  I  have  already 
had  occasion  to  remark,  at  p.  81  of  my  General  Introduction,  that 
in  p.  139  of  his  'Synopsis,*  Professor  McCoy  has  described  and 
represented  the  spiral  appendages  of  Spirifera  (Martinia)  glabra  so 
small  as  only  to  occupy  the  rostral  half  of  the  shell,  but  this  has 
been  proved  incorrect;  for  all  specimens  obtained  in  which  the 
spirals  were  preserved,  have  shown  them  to  be  as  large  as  in  any 
other  species  of  the  genus." 

With  the  view  of  finally  deciding  this  matter  of  dispute,  Davidson, 
previous  to  his  publication  of  the  Carboniferous  Supplement  in  1880, 
desired  me  to  obtain  specimens  of  Sp,  glabra  in  order  to  develop  the 
spirals.  I  was  soon  enabled  to  develop  specimens  of  this  species 
showing  the  spirals  occupying  their  usual  space  in  the  shell,  but  the 
specimens  thus  successfully  worked  out  were  comparatively  small, 
and  Davidson  urgently  pressed  me  if  possible  to  work  out  some 
larger  specimens.  Probably  many  of  your  readers  are  acquainted 
with  the  farmhouse  and  the  fields  adjoining,  which  divide  the  top 
of  the  Winnats  near  Castleton,  in  Derbyshire,  from  the  high  road 
to  Chapel-en-le-Frith.  This  place  is  vividly  impressed  upon  my 
memory  in  connection  with  my  search  for  large  specimens  of  Sp, 
glabra — for  it  was  here  on  a  dark  winter's  night  after  one  of  my 
endeavours  that  I  fell  into  a  snowdrift,  and  had  a  long  and  weary 
search  for  the  high  road,  which  was  so  near,  but  which  seemed  to 
me  so  far.  However,  my  journey,  as  it  proved,  was  not  unsuccessful ; 
for  I  had  a  specimen  in  my  pocket  which  when  developed  greatly 
pleased  my  friend  Dr.  Davidson.  It  was  the  largest  specimen  of 
Sp.  glabra  1  had  worked  oat  up  to  |hi>  ii— i  Mil  it  ii  represented 
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in  D&Tidson'g  Orboniferona  Supplement,  pL  xxxiL  fig.  4.  Tib 
epeoitnea  ahnws  the  spirals  nearly  filling  the  sliell,  and  it  wu 
regarded  by  Davidson  aa  oompletely  dispoaing  of  UcCoy'a  attempt 
to  erect  8p,  glabra  into  a  new  genua 

But  in  June,  1890, 1  obtained,  dnring  a  risit  to  Caatleton,  a  la^ei 
Bpecimen  of  ^.  glabra   than  that  jnat  le- 
_  ferred  to,  and  of  a  somewhat  different  shap^ 

being  longer  in  proportion  to  ita  width.  A 
portion  of  one  side  of  this  apeoimen  had  been 
broken  away,  but  in  the  other  portion  I 
auooeeded  in  working  out  one  of  the  apirali 
tn  titu,  and  a  small  portion  of  the  otbw 
spiral,  showing,  however,  its  attacbmeDt  and 
direction.  The  shape  of  the  spiral  in  the 
new  specimen,  and  the  apace  which  it  oc- 
cupies in  the  shell,  is  shown  in  the  aooom- 
Spirifira  glabra,  UBjiin.    pany in g  sketch. 

Half  mtural  size.  ^Ihe  spiral  commences  with  two  or  three 

very  large  coils  which  extend  nearly  the 
whole  length  of  the  interior  of  the  dorsal  valve.  These  large  ooils 
are  succeeded  by  others  of  about  half  the  diameter,  which  contioae 
with  bardlj'  any  diminution  of  size  nearly  to  the  end  of  the  spiral. 
That  part  of  the  spiral  which  is  formed  by  the  smaller  coils  projects 
outwards  towards  the  lateral  margins  of  the  shell  from  the  posterior 
half  of  the  larger  coils — the  posterior  border  of  the  whole  of  the  spiral 
being  thus  nearly  straight,  and  lying  close  under  the  hinge-line  of 
the  shell.  Thia  shape  of  the  spiral,  so  far  as  its  anterior  border  is 
concerned,  is  quite  unique.  Out  of  the  thousandB  of  spirals  I  have 
seen  during  my  researches  amongat  Britiah  and  foreign  specimens, 
I  have  not  met  with  one  of  the  aame  shape.  It  has  been  abundantly 
proved  by  recent  investigation  in  the  fossil  Brschiopoda  that  in  the 
various  specimens  belonging  to  the  same  species  tliere  la  conside^ 
able  modification  as  to  the  shape  of  the  spirals,  and  that  this  modifi* 
cation  seems  to  be  governed  in  the  majority  of  inBtanoes  by  the 
variation  in  the  size  and  shape  of  the  shell  (see  the  descriptions  and 
figures  of  my  preparations  of  Spirt/era  slriala  and  Atrypa  reliculam 
in  Davidson's  Carboniferous  and  Silurian  Supplements) — so  thst 
there  is  nothing  abnormal  in  the  occurrence  of  difTerently  shaped 
spirals  in  a  newly  developed  specimen  of  8p.  glabra. 

This  larger  specimen  of  8p.  glabra  which  I  have  now  developed 
would  have  greatly  intereBted  Dr.  Davidsoa  because  showing  hoif 
the  mistake  of  HdDoy  might  naturally  have  arisen.  As  the  first 
two  or  three  coils  of  each  epiral  are  prolonged  nearly  to  the  anterior 
margin  of  the  ahell,  the  spirals  cannot  properly  be  described  as 
being  "so  small  as  only  to  occupy  the  rostral  half  of  tho  shell "; 
whilst  on  the  other  hand  it  is  evident  that  through  the  greater  part 
of  each  spiral  being  close  to  the  posterior  border  of  the  doraal  valve, 
there  remains  a  large  portion  of  apace  in  the  shell  which  the  spirals 
do  not  occupy.  If,  therefore,  in  the  specimen  seen  by  McCoy,  the 
prolongation  of  the  firat  two  or  three  oaila  of  each  spiral  towardi 
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the  anterior  margin  of  tbe  shell,  was  either  not  ezposed,  or  hroken 
away  at  the  time  of  deposition,  the  conclusion  at  which  he  arrived 
was  a  very  nataral  one,  though  not  in  accordance  with  the  results  of 
further  investigation. 

Yin. — Notes  on  some  Obsebved  Bates  of  Wsathebikg  of 

Limestones. 

By  J.  G.  GooDCHiLD,  F.G.8.,  of  H.M.  Geo!.  Surrey, 
Lecturer  on  Geology  at  tlie  Heriot  Watt  College. 

IN  the  Geol.  Mao.  for  July,  1875,  p.  826,  the  writer  of  the  present 
note  gave  some  data  bearing  upon  the  rate  of  weathering  of 
certain  limestones  of  the  Lower  Carboniferous  Series,  deduced  from 
the  observed  extent  of  waste  that  had  affected  some  dated  tombstones 
in  Eirkby  Stephen  Churchyard.  The  series  of  observations  of  which 
that  formed  a  part  were  suggested  several  years  previously  by  the 
fact  that  many  of  the  rough  blocks  of  limestone  used  for  walling  in 
that  neighbourhood  had  evidently  suffered  considerable  waste  since 
the  erection  of  the  walls,  and  this  especially  on  the  upper  and  outer 
surfaces  of  the  stones  referred  to.  In  a  few  of  these  cases  (as  well 
as  in  many  other  cases  observed  since)  it  was  perfectly  evident  that, 
since  the  coping  stones  had  been  placed  in  their  present  positions, 
the  waste  of  the  limestone  by  atmospheric  causes  had  proceeded  to 
at  least  as  much  as  a  quarter  of  an  inch.  This  was  evident  from 
the  fact  that  thin,  delicate,  fragments  of  Corals,  Brachiopods, 
£ncrinites,  etc.,  were  left  standing  out  in  sharp  relief  to  that  extent 
above  the  general  surface  of  the  adjoining  limestone  matrix.  There 
could  be  no  doubt  about  the  fact  itself,  or  about  its  significance :  but 
many  inquiries  failed  to  bring  to  light  any  reliable  information 
regarding  the  precise  date  when  the  stones  were  first  quarried.  For 
aught  we  could  say  to  the  contrary,  any  one,  or  all,  of  the  stones 
might  have  been  employed  for  building  purposes  for  hundreds  of 
years  previously ;  although  that  was  hardly  likely. 

Similar  phenomena  were  observed  along  the  walls  of  the  North 
Western  Railway  between  Teba  and  Shap ;  but  regarding  the  earlier 
history  of  these  no  reliable  information  could  be  obtained. 

With  the  tombstones  above  referred  to  the  case  was  different. 

Here  we  had  stones  that  had  been  carved  out  of  solid,  unweathered 

limestone  at  a  given  date  recorded  upon  the  tombstone  itself,  and 

side  by  side  with  the  date  was  given,  by  the  hand  of  Nature,  a 

fairly  exact  record  of  the  amount  of  limestone  that  had  been  carried 

away  in  solution  from  the  general  surface  of  each  of  the  tombstones 

in  question.    The  mean  of  several  observations  gave  as  the  rate  of 

solution  about  one  inch  in  five  hundred  years  (Geol.  Mag.  1875, 

p.  326).     These  observations  were  made  upon  tombstones  standing 

erect,  and  therefore  in  the  least  favourable  position  for  the  kind  of 

erosion  under  notice.     Where  similar  stones  were  lying  flat,  waste 

by  atmospheric  causes  almost  certainly  proceeded  at  a  higher  rate : 

but  no  dated  tombstones  in  this  position  could  then  be  found.     In 

the  estimate  just  given  »*         '   ■'    ■      *-ken  of  the  fact  that  other 
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S lanes  of  easy  solntion  were  evidently  in  process  of  development 
ome  of  these  were  following  the  original  planes  of  deposition  of 
the  rock ;  others  tended  to  work  in  along  the  bate,  or  those  obecare 
planes  of  separation  along  which  direction,  as  masons  know,  the 
rock  will  dress  more  readily  than  along  others.  Other  planes  again, 
artificially  induced,  were  being  etched  parallel  to  the  dressed  surfaoe, 
as  Prof.  Judd  had  shown  to  be  the  case  with  the  worked  flints 
employed  for  outdoor  masonry.  Altogether,  a  careful  study  of  the 
phenomena  of  erosion  presented  by  these  dated  tombstones,  pointed 
to  the  conclusion  that  the  rate  of  waste  now  in  progress  will,  in  a 
few  years,  be  very  greatly  accelerated  by  the  multiplication  of  the 
■ui-faces  presented  to  the  denuding  agents.  We  might,  therefore, 
safely  assign  to  this  rock  a  rate  of  destruction  treble  or  quadruple 
that  given  in  the  estimate  above.  Weathering  soon  reveals  the 
existence  of  the  '  bate '  in  limestones,  and  detaches  flake  after  flake, 
parallel  to  the  joint  planes,  with  comparative  rapidity ;  almost  as 
if  the  bate  or  grain  of  the  rock  represented  some  kind  of  cleavage 
affecting  the  whole  mass  of  the  limestone.  On  the  vertical  face  of 
limestone  scars,  or  in  the  same  position  in  limestone  waterfalls,  it 
is  very  evident  that  the  chief  waste  of  the  rock  is  effected  by  this 
constant  flaking  off  of  thin  slices  of  weathered  rock  detached  by 
weathering  along  the  bate  of  the  rock.  The  flakes  fall,  expose  an 
inner  face  to  the  action  of  the  weather,  and  are  themselves  soon 
dissolved  and  carried  out  of  sight 

There  is,  of  course,  very  considerable  difference  in  the  rate  at 
which  different  limestones  tend  to  wasto  before  atmospheric  agencies, 
lliose  which  contain  an  unusual  percentage  of  argillaceous  matter 
appear  to  waste  at  the  highest  rate ;  and  this  is  the  more  especially 
the  case  if  the  rock  in  question  has  been  more  or  less  dolomitized, 
as  have  many  of  the  Carboniferous  Limestones  that  have  formerly 
received  magnesian  infiltrations  from  the  New  Bed  Eocks — the 
commonest  source  of  dolomitization  in  Britain.  At  the  other 
extreme  (so  far  as  the  writers  own  observations  go)  stand  the 
compact,  well-bedded,  limestones  that  include  much  bituminous 
matter  in  their  composition.  But  the  rate  of  waste  of  bituminous 
limestones  is  by  no  means  a  low  one  under  favourable  circumstances, 
as  the  following  observations  will  show : — About  forty  years  ago 
a  very  hard,  compact,  bituminous  limestone,  belonging  to  the 
Yoredale  Series,  had  been  broken  up  for  road  metal,  on  a  cart  road 
leading  to  a  fell-side  coal  mine  near  I'ailbrig,  Westmoreland.  After 
a  time,  the  coal  mine,  and  consequently  the  road  leading  to  it,  ceased 
to  be  used.  So  the  road  was  left  for  about  twenty-five  years.  The 
nature  of  the  surfaoe  in  the  higher  part  of  the  road  favoured  the 
passage  over  it  of  thin  sheets  of  surface-water,  charged  more  or  less 
with  compounds  derived  from  the  decomposing  vegetable  matter 
of  the  moorlands  above.  After  the  interval  mentioned  above  had 
elapsed,  the  present  writer  happened  to  notice  that  the  limestona 
''  macadam  "  had  evidently  undergone  many  changes  in  consequenoi 
of  its  prolonged  exposvire.  T\\«  ^vxx^^dci^  of  the  whilom  angnhff 
fragments  of  limestone  vraa  e\*^<a^  wi^  ^jott^^  vo^aSax^i^gaiMt^^ 
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08  if  the  rock  had  be^n  steeped  in  weak  aoid.  The  ^haftusteristic 
^laze,  due  to  the  redeposition  of  thin  films  of  carbonate  of  lime, 
imparted  a  curious  artificial  appearance  to  the  stones.  But  the  most 
remarkable  feature  was  the  projection  of  delicate  portions  of  corals 
and  other  organisms  in  sharp  and  high  relief  above  the  general 
surface  of  the  weathered  stones.  It  was  perfectly  evident  that, 
since  the  road  had  ceased  to  be  used  as  a  cart  road,  the  surface- 
waters  had  etched  away  the  limestone  to  a  depth  of  at  least  one* 
sixth  of  an  inch,  leaving  the  sharp  edges  of  the  fossils  standing  out 
to  that  extent  in  relief,  to  testify  to  the  quantity  of  the  surrounding 
matrix  that  had  been  dissolved  and  carried  away  in  the  mean  time. 
One  could  not  feel  sure  that  the  slender,  delicate,  edges  of  the 
projecting  fossils  afforded  correct  data  for  determining  the  original 
surface  exposed ;  but  assuming  that  they  did  so,  and  that  no  more 
had  been  removed  than  we  can  now  estimate  from  these  data,  the 
present  state  of  the  stones  in  question  proves  that  even  bituminous 
limestone  may  be  dissolved  away  by  atmospheric  agencies  at  the 
rate  of  one  inch  in  two  hundred  and  fifty  years.  Here  again  we 
have  to  take  further  into  account  the  accelerated  waste  consequent 
upon  the  development  of  additional  planes  of  solution  along  the 
bedding  and  the  bate. 

Another  case  in  which  an  approximate  estimate  of  the  quantity 
of  limestone  removed  by  atmospheric  causes  in  a  known  time 
occurred  near  Penrith  several  years  ago.  In  one  of  the  cuttings  on 
the  Keswick  Railway  just  south-west  of  Penrith,  a  bed  of  limestone 
belonging  to  the  Yoredale  Series  was  bared  of  glacial  drift  for  a 
short  distance.  When  newly  exposed,  the  limestone  presented  the 
usual  appearance  of  a  striated  and  smoothly-polished  surface,  with- 
out a  trace  of  any  asperities  due  to  projecting  fossils.  An  exposure 
to  the  weather  for  a  period  of  only  ten  years  sufficed  not  only  to 
roughen  the  surface  of  the  limestone,  but  to  lower  the  general 
surface  of  the  rock  to  such  an  extent  that  some  of  the  more  durable 
fossils  were  left  standing  about  one-thirtieth  of  an  inch  in  relief. 
In  other  words  the  limestone  was  wasting  away  along  that  surface 
alone  at  the  rate  of  one  inch  in  three  hundred  years.  In  the  present 
case  the  water  affecting  the  stone  must  have  been  almost  entirely 
free  from  any  admixture  derived  from  decomposing  vegetable  matter, 
and  the  rock  surface  must  have  remained  dry  except  during  showers. 
[At  Blenoo  Station,  just  beyond,  a  slab  of  sandstone  beautifully 
glaciated  has  been  exposed  to  precisely  the  same  conditions  for  about 
25  years ;  but  it  shows  no  signs  whatever  of  having  undergone  any 
waste  in  the  mean  time.  The  contrast  between  the  behaviour  of  the 
two  kinds  of  rock  in  this,  as  in  the  majority  of  the  other  cases  that 
have  come  under  my  notice,  is  most  striking  and  instructive.] 

Within  the  last  month  (August,  1890),  another  illustration  of 
an  equally  instructive  nature  has  been  observed.  Twelve  years  ago 
the  new  railway  between  Leybum  and  Hawes,  in  Wensleydale,  was 
in  process  of  construction,  and  the  contractors  naturally  took 
advantage,  wherever  they  could,  of  any  quarries  ol  >a\3A\^vcv^  %\/^\:kftk 
saitable  for  their  r      '  •.    Wheu  the  alaWoii  ^\.  K^x:\%5^  h^^ja 
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to  be  built,  limestone  was  qaarried  olose  by  in  Millgill,  not  far  from 
Millgill  Fors.  The  rock  is  a  slightly-argillaceoua  limestone,  gene- 
rally crowded  with  fossils.  This  was  roughly  dressed  into  shape, 
and  finally  chiselled  along  marginal  fillets  when  the  rock  was  built 
up  as  the  quoins  of  the  station  and  its  surrounding  buildings.  I 
had  occasion  to  stay  a  few  hours  at  the  station  lately,  and  then  took 
careful  note  of  the  condition  of  the  stone  at  that  time.  After  an 
exposure  of  twelve  years  the  dressed  surface  of  the  stone  in  question 
is  everywhere  rough  to  the  feel ;  and  the  general  surface  has  been 
lowered  by  atmospherio  waste  in  the  mean  time  to  such  an  extent 
that  some  of  the  more  durable  fragments  of  fossils  remain  in  relief 
to  about  a  twentieth  of  an  inch.  Assuming  that  the  upper  surfaoe 
of  the  fossils  represents  the  original  dressed  surface  of  the  limestone 
quoins,  then  it  is  evident  that  the  limestone  has  already  wasted 
away  at  the  rate  of  one  inch  in  two  hundred  and  forty  years.  This, 
however,  is  only  the  beginning  of  it :  when  the  weather  has  eaten 
into  the  bedding  planes  and  the  bate  of  the  rock,  then  the  rate 
of  waste  will  certainly  be  proportionate  to  the  increased  surfiace 
exposed  to  the  attacks  of  the  weather. 

We  have,  in  these  facts,  some  kind  of  measure  of  the  initial  rate 
at  which  limestone  is  wasted  along  any  given  surface.  Briefly 
summarized  the  facts  are  these : — 

The  Eirkby  Stephen  tombstones  had  weathered  at  the  rate  of  1  inch  in  500  years. 
The  Tailbrig  "macadam"  „  „  1       „       250    „ 

The  Penrith  limestone  „  , ,  ^       »»      300    „ 

The  Askiigg  limestone  „  ,,  ^       m       240    „ 

A  rough  average  based  upon  these  observed  facts  would  indicate 
as  a  kind  of  general  rate  of  waste  about  one  inch  in  three  huudred 
years :  that,  of  course,  refers  to  waste  along  one  plane,  and  does 
not  take  into  account  the  greatly  accelerated  waste  consequent  upon 
the  rock  being  attacked  simultaneously  along  many  different  planes. 
I  believe  we  shall  not  err  greatly  in  assigning  at  least  double  the 
rate  of  erosion  to  limestone  generally. 

The  bearing  of  these  facts  upon  some  larger  phenomena  of  denu- 
dation will  be  indicated  in  a  subsequent  communication. 
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I. — Geological  Survey  of  Western  Australia.  Annual  General 
Report  for  1888-1889.  By  Harry  Page  Woodward,  F.G.S.,  etc., 
Government  Geologist     8vo.  pp.  60.     (Perth,  W.A.,  1890.) 

THE  geologist  in  Western  Australia  has  a  fine  field  for  original 
observations,  for  there  is  an  area  of  upwards  of  a  million 
square  miles  in  which  up  to  the  end  of  1887  very  little  bad  been 
done  in  the  way  of  a  systematic  Geological  Survey.  Hitherto  scarce 
a  dozen  geologists  have  plied  their  hammers  in  this  vast  territory, 
although  some  of  them  have  done  good  and  detailed  work  over 
limited  tracts,  and  have  forwarded  collections  of  fossils  to  England 
for  description.  Many  years  must  yet  elapse  before  even  the  leading 
geological  features  of  Western  Australia  can  be  marked  out ;  but 
during  the  years  1888  and  1889  a  great  deal  has  been  accomplisbed 
by  the  Government  Geologist,  Mr.  Harry  P.  Woodward,  whose 
Report  is  now  before  us.  A  Geological  Surveyor  in  Britain  would 
be  astounded  at  the  idea  of  mapping  64,000  and  more  square 
miles  in  one  year ;  but  such  is  the  record  of  work  done  by  this 
energetic  geologist  in  Western  Australia,  and  it  is  easy  to  calculate, 
in  a  rough  way,  the  time  tbat  might  be  occupied  in  completing  a 
geological  sketch-map  of  the  entire  Colony. 

The  country  has  only  been  "  settled  "  for  about  200  miles  inland, 

Tvhereas  it  is  1450  mWes  m  Wa  ^T%».\»%t  len^h  and  850  miles  in 

breadth.     Mr.  Harry  WoodY?Cii^,\io\?«^w,\ia^^  \ft\ka^i^  ^^sunmod 
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most  of  the  settled  oountry  by  the  end  of  the  present  year,  when 
he  proposes  to  issue  a  geological  map  of  the  Colony,  filling  in  such 
information  oonceming  the  interior  as  can  be  gained  from  the  reports 
and  maps  of  explorers.  This  will  be  a  most  valuable  basis  for 
further  work,  and  especially  useful  to  others  interested  in  the  subject. 
In  the  present  Beport  we  find  an  historical  account  of  the  work 
of  the  previous  observers,  and  detailed  summaries  of  the  observations 
made  by  the  author,  during  his  first  two  years  of  office.  What  will 
be  most  interesting  to  our  readers  is  the  general  account  given  of 
the  rocks  at  present  known  in  Western  Australia,  and  these  are 
tabulated  as  follows  : — 

Sbdimintabt  Bocks. 


c  s 

s  i 


Becent  (Holo- 
cene). 

Pleistocene. 


Pliocene. 
Eocene. 

Cretaceoni. 
Joraasie. 


■ir 

Si  ^ 

Pi    U 

O 


cu 

»  r 


CarbooifenHit. 

Deronian. 

Silurian     and 
Metamorphic. 

Aiclijean  (M  eta- 
morpliicy. 


Allnyinm,  Rirer  GraTds  and  Eetoarine  depo- 
siti,  Sand  Ihmea,  Railed  Beachet,  etc. 

Ancient  Rirer  GraTela,  etc. 

Lower  Eetoarine  depodti,  ihellj  limeetonet  and 
sandstones  of  the  ooast 

Ferm^pnoos  sandstones  and  Tariegated  clajs. 
Coralline  and  chalkj  limestones  with    flints, 

calcareous  and  fermginoos  sandstones   and 

grits. 

iChalkr  limestones  with  flints,  sand,  fermginoos 
sandstones  and  limestones,  fermginoos  no- 
dolar  claT-stones,  sands,  clars  and  modstoncs. 
Oo/i^f.— Oolitic  limestone*  cut  ironstone,  fer- 
mginoos sandstone,  griU  and  conglomerates. 
LioM. — FerroginoQs  and  Tariegated  limestones, 
clays  and  ironstones. 

Sandstones,  grits,  eon^ ]4iinefates  and  ironstone, 
limestones,  mndstoua,  micaceoo*  cUts  and 


j      shales,  with  iron-pjritca,  gypsom,  and  tr^al- 
seams. 

}  ShaUa.   tndonted   datc«,    Mm^mm,    coarse 

(  ^P^^  •«»  eooglomefatfts. 

(  Oay-slate,  hm^mt^,  marUe,  dr^/mite,  lud- 

\  tUmtM,  'joamiiM,  and  wn0fiamt^. 

\      grajuv^  and  ^^aiM  rveki/  ^       ' 


Tcdcaaie. 
Platuok. 


This  is  ag(K>dlj  li«t  of  fonuirti^ia,  irWfc  ^  •^.uw*  y  ^^ 
and  their  striking  oom«jy^4«i^*  iu  ^^wuw^J  JJ^y.^^^^  ^^J^Zl 
with  some  of  th«  Ettn^pwoi  ^^yxix^i^xit,  m  fs^m^kMAjj!  %  J^^"^ 
tliat  the  next  Anuoal  W^irt  wi:J,  if  u'jm^iM:  «^.^  ' '  '*  J^*^^ 
fossils  of  the  oountrj.  •  -  •^^  >f  .,^ 

The  presence  of  Jwamn^  ^a^  <;««UMKn»  tvir*  -««»  4  .^ 
known  by  Mr,  F.  T  r-mmkll\V\\  ZZ*    s  """"^ 
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Cliarles  Moore  in  1870.^  Moore  then  remarked  on  the  Btriking 
similarity  between  the  matrix  of  the  Australian  speoimens  and  the 
Lower  Oolitio  rocks  of  England  with  which  he  was  so  familiar ; 
and  he  recognized  twenty  species  of  fossils  as  common  to  the  two 
countries. 

A  few  of  the  Carboniferous  and  Devonian  fossils  from  Western 
Australia,  lately  described  in  the  Geologioal  Magazink  (for  the 
present  year)  by  Mr.  A.  H.  Foord,  Prof.  Nicholson,  and  Dr.  Hinde, 
are  identified  as  belonging  to  European  species ;  other  Carboniferous 
forms  were  also  described  by  Mr.  Hudleston  in  1883,'  at  which  date 
there  was  no  proof  of  the  presence  of  Devonian  strata  in  Western 
Australia.  Indeed,  in  his  Heport,  Mr.  Woodward  states  that  no 
fossils  are  known  from  the  Devonian  rocks,  but  we  must  not  anticipate 
his  remarks  on  the  species  so  recently  described  from  rocks  of  this 
age  in  the  Colony,  llie  subject  of  the  sequence  of  organic  remains 
in  a  tract  so  distant  from  us  is  of  great  interest,  and  especially 
when  we  find  many  facts  corresponding  with  those  known  in 
Europe.  The  absolute  identity  of  species  in  the  two  areas  may  be 
questioned  by  some  specialists :  but  minute  differences  cannot  affect 
the  general  question,  although  it  is  important  to  note  them.  What 
is  of  first  importance  is  that  the  stratigraphical  sequence  in  Australia 
be  made  clear  with  the  aid  of  sections,  and  we  trust  the  Government 
Geologist  will  supply  these  in  future  Reports.  It  will  also  be 
interesting  to  learu  more  of  the  Serpentine,  which  is  placed  among 
the  Archaean  (Metamorphic)  rocks. 

The  subject  that  is  of  most  concern  to  the  Colonists  is  that  of  the 
Mineral  Wealth,  and  this  necessarily  has  occupied  the.  chief  share  of 
Mr.  Woodward's  attention.  Gold,  and  ores  of  Lead,  Copper,  and  Tin, 
are  to  be  had  in  profitable  quantities,  but  the  difficulties  of  access, 
the  scarcity  of  water  in  some  areas,  and  the  cost  of  labour,  have 
combined  to  arrest  enterprise.  There  is  Iron-ore  **  enough  to  supply 
the  whole  world,"  and  there  are  ores  of  Antimony  and  Manganese, 
as  well  as  large  and  very  pure  deposits  of  Kaolin.  The  Coal  at 
present  found  appears  to  be  of  inferior  character,  and  '*  where  wood 
is  so  abundant  and  always  close  at  hand,  there  is  no  demand  for 
any,  except  a  first-class  steam  coal."  It  is  stated,  however,  that 
"  Coal  has  recently  been  found  at  Wyndham,  but  though  the  sample 
sent  down  was  of  very  fair  quality,  the  size  and  extent  of  the  seams 
have  not  yet  been  tested." 

With  regard  to  the  Soils,  it  is  observed  that  they  are  as  good  and 
as  varied  as  in  any  part  of  the  world,  but  large  tracts  of  the  best 
land  are  still  heavily  timbered.  Some  interesting  remarks  are  made 
on  the  work  of  the  White  Ants,  whose  nests  contain  so  much  iron 
that  "  when  a  tree  has  been  burnt  in  which  they  have  built  a  nest, 
there  will  be  found  at  its  base  a  mass  of  iron  clinker,  looking  just 
as  if  it  had  come  out  of  a  furnace." 

It  is  interesting  to  learn  that  the  south-west  coast  is  rapidly  rising, 
and  indeed  '*  many  old  colonists  remember  when  land  at  Fremantle, 
now  quite  above  the  water-level,  used  daily  to  be  covered  by  the 
tide." 

^  Q.  J.O.S.  vol  XXVi.  pp.  ^^^,  ^^V«  «   Ihid.  YoU  TTT1T,  p.  682. 


licricics — Grolu'jiral  Siirn'i/  of  Indin,  471 

II. — Geological  Sukvky  of  India.  Memoirs,  vol.  xxiv.  part  2, 
Physical  Geology  of  the  Sub-Himalaya  of  Garhwal  and  Eumaun. 
By  C.  S.  MiDDLKMiss,  B.A.  (Cantab). 

AS  bearing  on  a  question  so  much  discussed  as  is  that  of  the 
origin  and  growth  of  mountains,  it  seems  strange  that  some 
very  definite  results  published  by  the  Geological  Survey  of  India 
so  long  ago  as  1864  regarding  the  greatest  mountains  in  the  world 
should  have  been  generally  ignored.  It  is  to  be  hoped  that  this 
small  geological  scandal  may  be  arrested  by  the  latest  publication 
of  that  Survey,  here  under  notice.  The  ground  is  continuous  with 
that  to  the  west  of  the  Ganges,  described  by  me  in  Vol.  UI.  of 
the  Memoirs ;  and  Mr.  Middlemiss  begins  by  quoting  some  recent 
instances  of  the  neglect  aforesaid,  whereby  absurdly  erroneous  state- 
ments are  still  made  regarding  the  part  taken  by  the  Tertiary 
(Siwalik)  rocks  in  the  Himalayan  mountain-system,  although  the 
correct  view  of  that  relation  had  been  quite  explicitly  set  forth  by 
me,  as  has  now  been  verified  by  more  detailed  work.  I  have 
humbly  to  plead  guilty  to  the  want  of  lucidity  complained  of  by 
Mr.  Middlemiss;  the  particular  conclusions  arrived  at  were  indeed 
categorically  stated,^  but  it  is  more  or  less  excusable  that  these 
should  have  taken  no  hold  when  the  evidence  for  them  had  to  be 
painfully  extracted  from  a  maze  of  conflicting  considerations.  In 
the  present  Memoir  it  is  duly  admitted  that  when  I  took  it  up,  the 
stratigraphy  was  practically  unknown,  and  that  I  had  to  work  with 
very  imperfect  maps  on  a  small  scale — the  old  edition  of  the  Indian 
Atlas  sheets ;  while  the  new  work  was  started  from  a  good  base  of 
information,  and  with  the  admirable  large-scale  maps  of  the  new 
Forest  Survey.  Mr.  Middlemiss  has  done  full  justice  to  these  more 
favoui*able  conditions.  His  work  is  given  with  a  fulness  of  detail 
and  a  clearness  of  exposition  that  leave  little  to  be  desired. 

The  general  result  admits  of  being  stated  in  a  sentence:  that, 
notwithstanding  more  or  less  of  modification  by  reverse  faulting, 
the  main  boundary  of  the  sub- Himalayan  zone  with  the  higher 
mountains,  as  well  as  the  several  lines  of  contact  between  newer 
and  older  deposits  within  that  zone,  are  primarily  and  approximately 
original  limits  of  deposition.  This  is  what  I  have  maintained  since 
1864  The  proof  positive  of  such  a  relation  is  of  course  the  pro- 
duction of  a  section  showing  actual  original  contact  of  newer  upon 
or  against  older  deposits  at  the  boundary  in  question.  Such  a 
section  I  did  present '  of  Siwalik  conglomerates  in  original  contact 
with  bottom  Nahan  beds  at  the  boundary  near  Tib,  south  of  Nahan. 
The  isolated  remnant  of  the  newer  rock  was  indeed  only  a  shred ; 
still  it  was  enough  to  swear  by,  if  genuine,  as  I  enthusiastically  took 
it  to  be.  Many  years  later,  in  1881,  Mr.  B.  D.  Oldham  called  me 
to  accoant  upon  this  point ;  and  on  revisiting  the  spot  with  him,  I 
admitted  that  the  patches  of  gravel  which  I  had  fondly  taken  to  be 
Siwalik  more  probably  belonged  to  the  recent  high-level  gravels. 

^  Loe.  eit.  p.  174.  >  Zoc  eit.  p.  108. 
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I  immediately  published  ^  a  retractation  of  my  error ;  maintalniBg  at 
the  same  time,  upon  what  I  held  to  be  ample  collateral  evidence,  that 
my  view  of  the  boundary  was  still  essentially  correct  With  such  an 
awful  warning  before  him,  Mr.  Middlemiss  was  not  likely  to  fall 
into  the  same  mistake ;  indeed,  the  number  and  extent  of  the  sections 
he  describes  and  figures,  from  widely  distant  localities,  showin}^ 
original  unconformable  contact  of  this  kind,  leave  no  room  for  such 
a  supposition.  At  other  points  along  the  same  continuous  boundary 
the  contact  is  of  the  type  so  usual  in  this  region — a  steep  plane  with 
the  older  rocks  overhanging  the  newer,  sometimes  in  apparent  con- 
formable sequence  and  each  in  normal  order,  the  middle  limb  of  the 
folded  flexure  having  been  removed  by  overthrust  It  is  quite  clear 
that  a  common  phase  of  this  action  may  be  a  complete  simulation 
of  a  fault,  normal  or  reversed,  by  the  simple  tilting  of  a  denuded 
face  of  the  upper  limb  of  the  flexure  after  the  deposition  of  newer 
rocks  against  it,  instances  of  which  are  given  in  Nos.  I.  and  II.  of  the 
sections  under  notice,  llie  fault  at  Jirinjala  in  Section  Y.  seems 
uncalled  for.  Altogether,  to  speak  of  those  boundaries,  without 
qualification,  as  faults,  is  to  ignore  their  primary  and  most  interest- 
ing character.  When  in  a  continuous  sequence  of  strata  a  folded 
flexure  occurs,  with  fracture  and  overthrust,  the  plane  of  contact 
is  a  fault  in  the  full  sense  of  the  word ;  but  to  describe  the  main 
boundary  of  the  sub-Himalayan  zone  as  a  great  fault  is  to  open  the 
door  for  the  very  blunder  that  Mr.  Middlemiss  has  deplored.  This  is 
quite  an  ancient  bone  of  contention  with  me.'  I  had  expected  to 
find  some  reflections  by  Mr.  Middlemiss  on  the  lines  suggested  by 
Mr.  B.  D.  Oldham,  in  1885,'  that  under  the  conditions  supposed 
there  must  have  been  for  every  stage  a  fringing  zone  of  boulder 
deposits,  like  the  modem  bhabar,  of  which  the  outer  Siwalik  con- 
glomemtes  are  the  next  preceding  representative ;  and,  that  judging 
by  analogy,  the  unrepresented  bhabar  deposits  corresponding  to  the 
Kahan  sandstone  must  have  extended  about  twelve  miles  north  of 
the  present  main  boundary. 

The  "one  minor  discrepancy"  noticed  at  page  111  between  my 
work  and  his  own,  regarding  a  fourth  possible  sub-Himalayan  group, 
disappears  at  once  with  the  recognition  of  the  Siwalik  sand -rock 
on  the  north  of  the  Eearda-Dehra  dun.  Again,  at  page  124,  an 
alternative  view  is  mistaken  for  the  one  I  finally  adopted — that 
elsewhere  in  the  neighbourhood  there  is  completely  conformable 
sequence  between  strata  that  are  strongly  discordant  along  the  lines 
of  upheaval.  At  page  32,  in  his  remarks  on  the  main  boundary, 
Mr.  Middlemiss  may  have  forgotten  that  at  one  spot,  not  in  his 
area,  where  the  Satlej  crosses  that  boundary,  the  Subathu  beds  of 
the  Sirmur  area  pass  continuously,  by  a  narrow  band,  into  the  sub- 
Himalayan  zone,  and  there  the  Nummulitic  beds  and  what  may  be 
Nahans  are  in  normal  succession.  In  that  direction,  in  Eangra 
and  Jamu,  a  much  fuller  subdivision  of  the  sub-Himalayan  system 

*  Records,  vol.  xiv.  p.  169. 

2  Geol.  Mao.  1869,  p.  341 ;  1870,  p.  473. 

.'  ReeordB,  vol.  xrui.  p.  110.  . 
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will,  I  believe,  have  to  be  made  oat,  as  saggeeted  in  the  Manual 
(p.  654).  It  is  all  very  fine  to  object  to  the  '*  torment "  of  oonflioting 
hypotheses  (p.  110),  but  for  my  part  I  never  oould  find  oomfort  in 
an  artificial  paradise. 

There  is  one  point  that  calls  for  more  explicit  notice.  In  my 
Memoir  (p.  174)  I  recorded  a  conclusion  of  some  general  interest : 
that  "The  Erol  group  [i.e.  the  massive  limestone],  the  youngest 
of  the  older  rocks,  though  greatly  denuded,  had  undergone  little  or 
no  contortion  along  the  outer  zone  of  the  mountain  area,  prior  to 
the  formation  of  the  Subathu  Nummulitic  rocks."  The  statement 
was  based  upon  the  section  at  Subathu,  where,  on  both  sides  of  a 
steep  synclinal  fold  of  considerable  width,  the  characteristic  bottom 
bed  of  the  Tertiary  series  occurs  with  complete  parallelism  upon 
slaty  flags  of  the  Infra-Erol  horizon.  In  the  Manual  (p.  569)  I 
re-affirmed  the  statement,  coufirming  it  in  part  by  evidence  from 
the  sub-Himalayan  zone  in  Jamu,  where  the  same  typical  bottom 
Tertiaries  regularly  overlie  the  massive  limestone.  I  thus  laid 
further  stress  upon  the  Subathu  section,  as  proving  that  elevation  with 
great  denudation  had  taken  place  much  earlier  in  the  eastern  area. 
The  affirmations  as  to  denudation  and  contortion  are  distinct,  and 
should  be  severally  maintained  or  refuted.  The  geologist  should 
rarely  indulge  in  the  word  ''  impossible " ;  but  I  do  assert  it  as  to 
me  inconceivable  that  the  contact  relation  at  Subathu  could  have 
been  brought  about  unless  the  Erol  group  had  been  removed  by 
denudation  prior  to  the  deposition  of  the  Subathu  beds,  and  unless 
the  Infra-Erol  beds  had  then  been  unplicated.  In  the  immediate 
neighbourhood,  sections  abound  showing  the  usual  crushed  and  con- 
fused contact.  Until  that  section  at  Subathu  is  specifically  disposed 
of,  I  must  hold  to  it. 

Mr.  Middlemiss  endeavours  gently  to  extricate  me  from  this 
position.  He  says  (p.  4)  that  in  repeating  it  in  the  Manual  I 
unfortunately  trusted  largely  to  the  sections  in  Jamu ;  but  on  the 
face  of  it  this  is  wrong,  for  half  of  my  affirmation  rests  solely  on 
the  Subathu  section.  To  this  section  Mr.  Middlemiss  only  refers  in 
a  footnote ;  and  it  does  not  seem  certain  whether  he  had  ever  seen 
it.  It  does  not  appear  as  if  Mr.  Middlemiss  were  quite  certain  of 
this  feature  in  his  own  ground.  In  Section  YI.  the  Subathu  beds 
and  the  underlying  fossiliferous  Tal  beds  are  in  regular  sequence 
upon  the  massive  limestone,  while  in  Section  IX.  the  two  former, 
without  the  limestone,  rest  in  rough  parallelism  on  the  old  slates, 
without  faulting ;  and  his  facts  in  favour  of  an  earlier  plication  of 
the  Himalayan  rocks  are  only  quotations  of  wholesale  differences 
of  strikes  in  that  region.  Of  course  the  presumption  seemed  all  in 
favour  of  such  earlier  disturbance  with  plication  of  the  older  rooks ; 
but  I  thought  it  right  to  point  out  that  the  most  particular  facts  in 
hand  would  point  the  other  way,  in  the  direction  of  an  origin  in 
omtinental  elevation  by  bossellement  as  suggested  by  De  Beaumont. 
Such  references  to  elementary  theories  give  point  to  stray  remarks, 
and  by  no  means  imply  the  advocacy  of  the  developments  that  may 
have  grown  out  of  the  said  theories. 
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The  general  remarks  upon  mountain  formation  in  Mr.  Middlemiss^i 
concluding  chapter  are  the  leaat  satisfactory  part  of  his  work.  Mr. 
Mellard  Reade's  book  on  ''The  Origin  of  Mountain  Banges"  is 
taken  as  the  fulcrum  of  discussion;  and  some  effective  execution 
is  done  in  the  way  of  demolishing  errors  of  "fact,"  but  the 
reduciio  ad  abaurdum  of  the  "  principle "  involved  is  not  complete. 
Some  caution  might  have  been  suggested  by  the  knowledge  that 
Babbage  and  Herschell  were  the  promoters  of  the  said  principle  in 
this  cause,  for  such  men  were  not  likely  to  commit  absurd  blunders 
in  the  elements  of  mechanical  physics,  llie  key  sentence  in  Mr. 
Middlemiss's  argument  (p.  131)  is,  to  say  the  least  of  it,  obscure; 
that  "great  sedimentation  of  this  kind  can  only  take  place  by 
concomitant  sinking  of  the  sea-bottom ;  so  that  the  rise  of  the 
isogeotherms  being  interpreted  means  merely  the  sinking  of  the 
floor  on  which  the  deposits  were  laid  down."  It  certainly  does 
mean  that  much  ;  but  the  form  of  expression  is  incomplete  or  even 
misleading,  for  the  process  is  not  wholly  a  rising  of  the  isogeotherms, 
but  also  a  sinking  of  the  strata  into  zones  of  higher  temperature 
with  the  inevitable  concomitant  expansion,  which  through  tangential 
resistance  must  (unless  some  line  of  less  resistance  is  already 
established)  result  in  the  plication  with  elevation  of  the  strata  con- 
cerned, to  which  action  the  origin  of  true  mountains  is  plausibly 
attributed  by  the  theory  in  question.  Mr.  Middlemiss  seems  to 
ignore  the  significant  distinction  between  continental  elevation  and 
"  true  mountains."  The  total  rejection  of  the  Babbage-Herschell 
principle  is  the  more  strange  as  this  starts  from  the  same  point — the 
"  condition  of  approximate  hydrostatical  equilibrium  "  of  the  earth's 
crust — as  does  the  discussion  of  the  same  question  by  Mr.  Fisher, 
of  which  so  much  approval  is  deservedly  expressed.  It  is  not 
unlikely  that  the  subsidence  of  the  plains'  deposits  into  regions 
of  higher  temperature  may  be  a  factor  in  the  continued  rise  and 
compression  of  the  sub-Himalayan  zone,  which  Mr.  Middlemiss 
emphasizes  as  if  it  had  been  denied.  It  is  clear,  too,  that  the  rise 
extends  to  the  whole  of  the  outer  Himalaya,  else  the  transverse 
liver  gorges  would  have  become  lake-basins,  as  has  occurred  in  the 
Alps.  But  Mr.  Middlemiss  does  not  sufficiently  keep  in  mind  that 
the  mountains  he  refers  to  are  but  the  southern  face  of  the  Himalayan 
massif,  the  crest  of  which  must,  as  indicated  by  the  drainage  lines,^ 
have  been  far  to  the  north  of  the  present  range  of  greatest  elevations. 
The  decadence  suggested  by  me  was  assigned  to  that  central  region. 
The  unfortunate  expression  "  life  history,"  as  applied  to  things  that 
have  no  life,  might  have  helped  him  here  as  it  seems  to  have  confused 
him  elsewhere :  for  a  man's  brain  may  mature  while  his  limbs 
go  to  the  bad,  or  vice  versa.  Rhetoric  is  an  unsafe  and  unsavoury 
ingredient  in  scientific  work.  Henbt  B.  Mkdlicott. 

^  Manual,  p.  675. 
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Sixtieth  Annual  Meeting  of  the  British  Association 
FOB  the  Advancement  of  Science, 

Leeds,  1890. 

Address  to  the  Geological  Section  of  the  British  Association. 
By  Professor  A.  H,  Green,  M.A.,  F.R.S.,  of  the  University  of 
Oxford,  President  of  the  Section,  September  4th,  1890. 

THE  tmth  must  be  told ;  and  this  obliges  me  to  confess  tbat  my  contributions 
to  oar  stock  of  geoloncal  knowledge,  never  very  numerous,  have  of  late  years 
been  conspicuously  few,  and  so  I  have  notMng  to  brin;^  before  the  Geological  S^;tion 
that  can  lay  any  claim  to  be  the  result  of  original  research. 

In  fact,  nearly  all  my  time  dmring  the  last  fifteen  years  has  been  taken  up  in 
teaching.  This  has  lea  me  to  think  a  good  deal  about  the  value  of  geology  as  an 
educational  instrument,  and  how  its  study  compares  with  that  of  other  branches  of 
learning  in  its  capability  of  giving  sinew  and  nbre  to  the  mind,  and  I  hare  to  ask 
you  to  listen  to  an  exposition  of  the  notions  that  have  for  a  long  time  been  taking 
shape  bit  by  bit  in  my  mind  on  this  subject. 

1  am  not  going  to  enter  into  the  question,  handled  lepeatedly  and  by  this  time 
pretty  well  thrashed  out,  of  the  relative  value  of  naturfu  science,  literature,  and 
mathematics  as  a  means  of  educational  discipline  ;  for  no  one  who  is  lucky  enough 
to  know  a  little  of  all  three,  will  deny  tbat  each  has  an  importance  of  its  own  and 
its  own  special  place  in  a  full  and  perfect  curriculum.  The  question  which  is  the 
most  valuable  of  the  three  I  decline  to  entertain,  on  the  broad  general  ground  that 
**  comparisons  are  odorous,"  and  for  the  special  reason  that  the  answer  must  depend 
on  the  constitution  of  the  mind  that  is  to  be  disciplined.  I  might  quite  as  reason* 
ably  attempt  to  lay  down  that  a  certain  diet  which  suits  my  constitution  and  mode 
of  life,  must  agree  equally  well  with  all  that  hear  me. 

1  need  scarcely  say  that  nothing  would  induce  me,  if  it  could  possibly  be  helped, 
to  say  one  word  that  might  tend  to  disparage  the  pursuit  to  which  we  are  all  so 
deeply  attached.  But  I  cannot  shut  my  eyes  to  the  fact  that,  when  geology  is  to 
be  used  as  a  means  of  education,  there  are  certain  attendant  risks  that  mtm  to  be 
carefully  and  watchfully  guarded  against. 

Geoloeists,  and  I  do  not  pretend  myself  to  be  any  better  than  the  rest  of  them, 
are  in  <&nger  continually  oi  becoming  loose  reasoners.  I  have  often  had  occasion 
to  feel  this,  and  I  recall  a  scene  which  brought  it  home  to  me  most  forcibly.  At 
a  gathering,  where  several  of  our  best  English  geologists  were  present,  the  question 
of  the  causes  of  changes  of  climate  was  under  discussion.  The  explanation  which 
found  most  favour  was  a  change  of  the  position  of  the  axis  of  rotation  within  the 
earth  itself;  and  this,  it  was  suggested,  might  have  been  brought  about  by  the 
upheaval  of  great  bodies  of  continental  and  mountainous  land  where  none  now  exist, 
and  an  accompanying  depression  of  the  existing  continents  or  parts  of  them.  That 
such  a  redistribution  of  the  heavier  material  of  the  earth  would  result  in  some 
shifting  of  the  axis  of  rotaticm  admits  of  no  doubt.  The  important  question  is, 
How  much  ?  What  degree  of  rearrangement  of  land  and  sea  would  be  needed  to 
produce  a  shift  of  the  amount  required  r  It  is  purely  a  question  of  figures,  and  the 
necessary  calculations  can  be  made  only  by  a  mathematician.  1  ventured  to  suggest 
that  some  one  who  could  work  out  the  sum  should  be  consulted  before  a  final  decision 
was  arrived  at,  for  I  knew  perfectly  well  that  not  one  of  the  company  present  could 
do  it.  But  if  I  say  that  my  advice  met  with  scant  approval,  I  should  represent  very 
inadequately  the  lack  of  support  I  met  with.  The  bulk  of  those  present  seemed 
quite  content  with  the  vague  feeling  that  the  thing  could  be  done  in  the  way 
suggested,  and  there  was  a  general  air  of  indifference  as  to  whether  the  hypothesis 
would  stand  the  test  of  numerical  verification  or  not. 

I  could  bring  many  other  similar  instances  which  seem  to  me  to  justify  the  charge 
I  have  ventured  to  make  ;  but  it  will  be  more  useful  to  inquire  what  it  is  that  has 
led  to  a  faiiinff,  which,  if  it  reaUy  exist,  must  be  a  source  of  regret  to  the  whole 
brotherhood  of  nammerers. 
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The  reason,  I  thinlL,  is  not  far  to  seek.  The  imperleetion  of  tiie  Oeobdcd 
Record  is  a  phrase  as  true  as  it  is  hackneyed.  No  more  striking  instance  of  its 
correctness  can  be  found  than  that  furnished  by  the  well-known  Mammalian  jawi 
from  the  Stonesfield  slate.  The  first  of  these  was  nnearthed  abont  1764 ;  others,  to 
the  number  of  some  nine,  between  then  and  1818.  The  rock  in  which  these  yntkm 
relics  of  the  beii^nnin^  of  Mammalian  life  occur  has  been  quarried  without  inter- 
mission ever  since;  it  has  been  ransacked  by  geologists  and  collectors  without 
number ;  many  of  the  quarrymen  know  a  jaw  when  they  see  it,  and  are  keenly 
alive  to  the  market  yalue  of  a  specimen ;  but  not  more  than  six  or  seren  of  tbesi 
prized  and  eagerly -sought-after  fossils  have  turned  np  during  the  last  seventy  years. 

Then  again  how  many  of  the  geological  facts  which  we  gather  from  obserratioB 
admit  of  diverse  explanation.  Take  the  case  of  JEotoon  Canndente.  Here  we  hare 
structures  which  some  of  the  highest  authorities  on  the  Foraminifera  assure  us  are 
the  remains  of  an  organism  Mlongine  to  that  order;  other  naturalists,  equally 
entitled  to  a  hearing,  inll  have  it  that  these  structures  are  purely  mineral  a^igregatei 
simulating  organic  forms.  And  hereby  hangs  the  question  whether  the  hmertonei 
in  which  the  problematical  fossil  occurs  are  organic,  or  formed  in  some  other  sad 
perhaps  scarcely  explicable  way. 

And  this  after  all  is  only  one  of  the  countless  uncertainties  that  crowd  the  whole 
subject  of  invertebrate  palseontology.  In  what  a  feeble  light  have  we  eonstaatlj 
to  grope  our  way  when  we  attempt  the  naming  of  fossil  Conchifers  for  instance. 
The  two  species  Oryphaa  dilatata  and  O,  hilo&ta  furnish  an  illustration.  Maiked 
forms  are  clearly  separable,  but  it  is  easy  to  obtain  a  suite  of  specimens,  even  from 
the  Callovian  of  wnich  the  second  species  is  said  to  be  specially  characteristic, 
showing  a  gradual  passage  from  one  form  into  the  other.  And  over  and  again  the 
distinctions  relied  upon  tor  the  discrimination  of  species  must  be  pronounced  far* 
fetched  and  shadowy,  and  are,  it  is  to  be  feared,  often  based  upon  points  which  are 
of  slender  value  for  classificatory  purposes.  In  the  case  of  fossil  plants  the  last 
statement  is  notoriously  true,  and  yet  we  are  continually  supplied  with  long  lists  of 
species  which  every  botanist  knows  to  be  words  and  nothing  more,  and  zonal  divisions 
are  based  upon  th^e  bogus  species  and  conclusions  drawn  from  them. 

It  is  from  data  such  as  have  been  instanced,  scrappy  to  the  last  degree,  or  from 
facts  canable  of  being  interpreted  in  more  than  one  way,  or  from  determinatioitt 
shroudeu  in  mist  and  obscurity,  that  we  geologists  have  in  a  large  number  of  casei 
to  draw  our  conclusions.  Inferences  based  on  such  incomplete  and  shaky  foundations 
must  necessarily  be  very  largely  hypothetical.  That  this  is  the  character  of  a  great 
portion  of  the  conclusions  of  geology  we  are  all  ready  enough  to  allow  with  our 
tongue  ~  nay,  even  to  lay  stress  upon  the  fact  with  penned  or  spoken  emphasis. 
But  it  is  open  to  questiou  whether  this  homage  at  the  shrine  of  logic  is  in  many 
cases  anything  better  than  lip-service ;  whether  we  take  sutficiently  to  heart  the 
meaning  of  our  protestations,  and  are  always  as  alive  as  our  words  would  imply  to 
the  real  nature  of  our  inferences. 

A  novice  in  trade,  scrupulously  honest,  even  morbidly  conscientious  to  be^n 
with,  if  ho  lives  among  those  who  habitually  use  false  scales,  runs  imminent  nsk 
of  having  his  sense  of  integrity  unconsciously  blunted  and  his  moral  standard 
insensibly  lowered.  A  similar  danger  besets  the  man  whose  life  is  occupied  in 
deducing  tentative  results  from  imperfectly  ascertained  facts.  The  living,  day  by 
day,  face  to  face  with  approximation  and  conjecture,  must  tend  to  breed  an  indif* 
ference  to  accuracy  and  certainty,  and  to  abate  that  caution  and  that  wholesome 
suspicion  which  make  the  wary  reasoner  look  well  to  his  foundations,  and  resolutely 
refuse  to  sanction  any  superstructures,  however  pleasing  to  the  eye,  unless  they  are 
firmly  and  securely  based. 

If  I  am  right  in  thinking  that  the  mental  health  of  the  geologist  of  matured 
experience  and  full-grown  powers  is  liable  to  a  disorder  of  the  kind  I  have  indicated, 
how  much  great^er  must  the  risk  be  in  the  case  of  a  youth,  in  whom  the  reasoning 
faculty  is  only  beginning  to  be  developed,  when  he  approaches  the  study  of  geology ! 
And  does  it  not  seem  at  first  sight  that  that  study  could  scarcely  be  used  with  safety 
as  a  tool  to  shape  his  mind,  and  so  train  his  bent  that  he  shall  never  even  hare 
a  wish  to  turn  aside  either  to  the  right  hand  or  to  the  left  from  the  strait  path  that 
ieads  through  the  domain  ol  BO\m^\o^<^¥ 

That  it  18  hazardous,  and  t\ia\.  evArnvj  T«ft\X^VtatDL%SiNa^^^\Mi^ 
as  an  educational  tool,  1  entettaVxi  no  do>iyiX„    Tcka  waaa  TSi^^  \sA»^\fe  va^^V  ^Ma^ 
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otber  subjects,  but  I  feel  that  it  is  specially  true  in  the  case  of  geology.  But  I 
should  be  guilty  of  that  yery  haste  in  drawing  conclusions  against  which  I  am 
raising  a  warning  word,  if  1  therefore  inferred  that  geology  can  find  no  place  in 
the  educational  curriculum. 

To  be  forewarned  is  a  proverbial  safeguard,  and  those  who  are  aliye  to  danger 
will  cast  about  for  a  means  of  guarding  against  it.  And  there  are  many  ways  of 
neutralising  whaterer  there  may  be  potentially  hurtful  in  the  use  of  geolo^  for 
educational  ends.  It  has  been  said  tnat  the  n^ht  way  to  make  a  geologist  is  not 
to  teach  him  any  geology  at  all  to  b^in  with.  To  send  him  first  into  a  laboratory, 
give  him  a  good  long  spell  at  observations  and  measurements  requiring  the  minutest 
accuracy,  and  so  saturate  his  mind  with  the  conception  of  exactness  that  nothino^ 
shall  ever  afterwards  drive  it  out.  If  a  plan  like  this  be  adopted,  it  is  easy  to  pick 
out  such  kinds  of  practical  work  as  will  not  only  breed  the  mental  habits  aimea  at, 
but  will  also  stand  him  in  good  stead  when  he  goes  on  to  his  special  subject.  Oonio* 
metrical  measurements  and  quantitative  analysis  will  serve  the  double  purpose  of 
inspiring  him  with  accurate  habits  of  thought,  and  helping  him  to  deal  witn  some 
of  the  minor  problems  of  geology.  And  I  cannot  hold  that  this  practice  of  paying 
close  attention  to  minute  details  will  necessarily  unfit  a  man  for  taking  wider 
sweeps  and  more  comprehensive  views  later  on.  That  habit  comes  naturally  to 
every  man  who  has  the  making  of  a  geoloeist  in  him  directly  he  gets  into  the  field. 
Put  such  a  man  where  a  broad  and  varied  landscape  lies  before  him,  teach  him  how 
each  physical  feature  is  the  counterpart  of  geological  structure,  and  breadth  of  view 
springs  up  a  native  growth.  I  do  not  mean  to  say  that  the  plan  just  suggested  is 
the  only  way  ofguarding  against  the  risk  I  have  been  dwelling  upon.  There  are 
many  others.  This  will  serve  as  a  sample  to  show  what  I  think  oueht  to  be  aimed 
at  in  designing  the  geological  go-cart.  And  any  such  mind-moulding  leads,  be 
assured,  not  to  hesitancy  and  doubt,  but  to  conclusions,  reached  slowly  it  may  be, 
but  so  securely  based  that  they  will  seldom  need  reconstruction. 

There  is  another  aspect  of  the  question.  The  uncertainties  with  which  the  road 
of  the  geologist  are  so  thickly  strewn  have  an  immense  educational  value,  if  only 
we  are  on  our  guard  against  taking  them  for  anything  better  than  they  really  are. 
Of  those  stirring  questions  which  are  facing  us  day  by  day  and  hour  by  hour,  none 
perhaps  is  of  greater  moment  than  the  discussion  of  the  value  of  the  evidence  on 
which  we  base  the  beliefs  that  rule  our  daily  life.  A  man  who  is  ever  dealing 
with  geological  evidence  and  geological  conclusions,  and  has  learned  to  estimHte 
these  at  their  real  value,  will  carry  with  him,  when  he  comes  to  handle  the  complex 
problems  of  morals,  politics,  ana  religion,  the  wariness  with  which  his  geological 
experience  had  imbued  him. 

Now  I  trust  the  prospect  is  brightening.  Means  have  been  indicated  of  guarding 
against  the  danger  whicn  may  attend  the  use  of  geology  as  an  educational  instrument. 
Need  I  say  mucn  to  an  audience  of  geologists  about  the  immense  advantages  which 
our  science  may  claim  in  this  respect  ?  In  its  power  of  cultivating  keenness  of  eye 
it  is  unrivalled,  for  it  demands  both  microscopic  accuracy  and  com{)rehensive  vision. 
Its  calls  upon  the  chastened  imagination  are  no  less  urgent,  for  imagination  alone 
is  competent  to  devise  a  scheme  which  shall  link  together  the  moss  of  isolated 
observations  which  field  work  supplies ;  and  if,  as  often  happens,  the  fertile  brain 
devises  several  possible  schemes,  it  is  only  where  the  ima^mative  faculty  has  been 
kept  in  check  by  logic  that  the  one  scheme  that  best  fits  eadi  case  will  be  selected 
for  final  adoption.  But,  above  all,  geology  has  its  home,  not  in  the  laboratory  or 
study,  but  sub  Jove,  beneath  the  open  sky ;  and  its  pursuit  is  inseparably  bound  up 
with  a  love  of  Nature,  and  the  healthy  tone  which  that  love  brings  alike  to  body 
and  mind. 

And  what  does  the  great  prophet  of  Nature  tell  us  about  this  love  P 

The  boy  beholds  the  light  and  whence  it  flows ; 

The  man  perceives  it  die  away. 

And  fade  into  the  light  of  common  day. 

TTill  it  not  then  be  kind  to  encourage  the  boy  to  follow  a  pursuit  which  will 
keep  alive   in  him  a  joy  which  years  are  too  apt  to  deaden ;   and  will  not  the 
teaching  of  geology  in  schools  conduce  to  this  end  ?    Geology  certainly  should  be 
taught  in  schools,  and  for  more  prosaic  reasons,  of  which  the  t^o  ^oWcvVwi^  %x^ 
perhaps  the  most  important.     Geography  is  essentially  a  m^vooY  «v!^i\et\.,  ««v^  >i^^ 
oaoB  oi  all  geographical  teaching  is  physical  geography.    Tliia  twmoX.  Xi^  xisA^wXft^ 


1^010,  ubi  "Sie  isniitcusu.  cncioieft  li  ae  juhtt  aisy  isv« 

^•it  jr*-'u>*r'  A  luc  in.  faity  iiinTrt;?  "s  ^MiLA  in.  KaiMUL  Tbc  g«iJ«fy  itf  At 
Apunary  ':h£x:->i*i&  ximsi  idc  .TimznidU  jseiz  n    '      ' 

i^rjit'Z  *"■"*"-■    !nine  mnw  ii  ^le   »7  luc    itsi*, 

sun^.^.     Hi:  vinca   rtmrCT.nif  ziikL  itt  aa   iaaifL^  jmt  piui  acmms:  h« 
nriMR  >i    IK  Au  itfMt.  iiic  le  iju*  u  jji.74  jiiw  waufsunip  sans  viH  trngkn  \k 
naxuut  ic  =i«  *acae  "STint 

Iiid  uui  ic  r^>ui«7  thoc  lov^  vnuiii  akd  za  m  aa&Mir  wrxk ;  sad.  <rfeoim, 
wb«r4  ^  *jaa  itt  iitii.  mmnnf  ytgBis  -siiiji  m  xiroi  sum.  Jl  da&e«iST  it  this 
leiii  T  ir'£  ^iixea  •STTii*  mil  iJiOts^  rwij  1  pxmI  •sua,  iic  atie  auasrui  tatf  axe  demui 
ft*  jTiniKa.  ?<=J.  iTMw-Mjunsy  nmmw  jum  aianinhirng  jmqs  i^mTrifi  laddxiiait 
AijC  «*•  7-*r7  niffTdis  tr:iii  1  gaottr-'n-iiw  .  joai  ±  sw  sai:a«r  vni  oalj  miwe  im 
t&ft  ▼  ^rz.  H»iiiiu£3.  11^  2ie  na.  uu.  inarssitm  vim^ii  tsaim*  jo  nasaxailj  in  cue  ofoi 
a;r,  oi*  atwii  31  .c  iei^pair  if  Jijm:r  ■='^411  sk  autf  iijriL-^piriseii  boy,  every  bov  aii 

£'1:  ^nttT-i  ir<E  ji:*;a.  Tinf  iiic  1  sew — cie  F«a  trnmar.  S3r  fnnniwT-  ^fft  it  ii 
warvtij  p*-.rtni>.Lf±  :•>  ±zd  «i::ii;2  suuutruLJud  •Cdcuii»  ^i  d&e  wiiRMi  ti&«  kiad  oi  &U- 
fiefiii^try  vii:«:a  id  wTtii.7i  ihit  ztuo  oi  x  s^trinaer.  Bus  tr^  iutn  out  tiii*--*-'iiig  wtd 
ik*c  b«  vOfiilT  imsL  b*J4iu.  Toe  b«i:«  :aas  ssil  be  <Si}oe  in  ndi  cue*  it  to  Btb 
oh:<eS'LMi*JU  jidi:i-<£i  is*  b«tfu.     For  ^ifrini'e.  zi^e  a  Idd  &  .amp  oi  eoAreih  aad- 


•Cone  :  Lite  iim  p*..a3kl  h  loii  aepark^  by  «*irnnnai>a  G&e  mad  znuu  £rom  the  dar; 
hoiL  Wa  in  aeui.  Aad  •isMtjiT?  •>!£  ue  nacy  ciMSmz  sfaas  coiJoon  tfacm :  aseataa 
by  the  !iiii!rMi»pe  ttiAS  tne  saad  zraizu  ue  eoip*  inii  not  nxiiukd  peilett^  aad  it 
CO.  All  «aea  poias*  be  will  iitLza.:  d)  worry  oos  ^r  hiniJirif :  aad^  when  he  hti 
dctfie  that,  an  explanaaoa  ot  toe  way  in  wiueh  the  roek  wae  iofmed  will  icdlj 
cmce  bom*i  b)  him.  1^  it  is  easj  so  n^  ap  ecntrirances  innomermbie  for  illnstrafiBf 
the  work  oi  <!enQiiatiioa.  A  heap  01  m'lrti  Mad  aad  powdered  day  doe»  for  the  roa 
ctz,iitit:d ;  a  «JL>.niL^-can  «TippLusi  rain ;  a  :roa^L.  deeper  a:  one  ead  than  the  other, 
itasdi  lor  tc.i«;  i:.aAia  Uiji:  rs«:ei-c«  Pediment.  By  soch  r*ja^h  appararus  many  oi  the 
r^r^ItA  oi  dieiicda:itin  ar.d  d^pij^irLon  may  be  cLc^e.y  imftimL  and  the  process  is  netr 
ti^omeh.  trj  iLr  nr.Ak:s^  ot  mud-piei  &>  c«>nimand  the  admiration  of  eTerv  bor.  It  is 
by  Dbi^rA  Ilk':  tLf:a«  that  e^^tn  int:ij«.r  tea*:: Ling  of  gtology  may  be  made  lifelike. 

I  Lttd  Lot  dvisll  ap>iQ  the  gre^:  tact;^  ot  pay  seal  gtivrlogy  which  have  60  important 
a  \feinLj^  on  ^*rfjznpLx  and  iii«ti>ry;  bet  I  woold.  in  paasing,  just  note  that  these 
too  oiZf:ii  idti.it  •;(  experimental  liluftration,  snch  for  instance  as  the  well-known 
metbcyl  oi  imitating?  tiie  rxk  iolding  caoscd  by  earth-moTements.  1  woold  add 
that  whf:revf:r  in  speakinj?  oi  scL'joI  teaching,  i  have  uaed  the  word  **  boy,"  that 
word  miiJit  of  cour^  be  uken  to  include  ^'  girl "'  as  well. 

In  condition  I  fthoold  like  to  gire  you  an  outline  of  the  kind  of  course  I 
enrJearour  U>  adopt  in  more  advanced  teaching  in  the  case  of  students  who  are 
workins^  at  other  bubjects  as  well  and  can  give  only  a  part  oi  their  time  to  geology. 
I^urinj^  the  fir^tt  year  the  lectures  and  bookwork  snould  deal  with  physical  geology. 
In  th«;  lab«jrat/>ry  the  <$tudent  should  first  make  the  acquaintance  ot  the  commoner 
nK;k'iorniiD^  mineraU,  the  means  of  recognizing  them  by  physical  characters, 
blowpipe  Urits,  and  the  simpler  methods  of  qualitatiTe  analyns,  anid  may  then  go  on 
to  work  at  the  commoner  kinds  of  rocks  and  the  elements  of  micnwcopic  petrography. 
Iiuriog  the  fiummer  moutlis  I  would  take  him  into  the  field,  but  not  do  more  than 
impr(»4it  up<>n  him  some  of  the  broader  aspects  of  outdoor  work,  such  as  the  con- 
nection fM:twe«-n  phvf<ical  feature  and  geological  structure. 

During  a  secimf  year  stratigraphical  geology  should  be  lectured  upon  and  studied 
from  }>«)okii,  and  m  much  of  animal  morphology  as  may  be  necessary  for  palteonto- 
logi':al  purprnM,**!  should  be  mastered.  The  practical  work  would  lie  mainlv  among 
foHsils,  with  a  turn  every  now  and  again  at  mineralogy  and  petrology  to  keep  these 
subjects  going.  Out  of  doors  I  would  not  yet  let  the  stuaent  attempt  geolc^cal 
mapping,  but  would  put  into  his  hands  a  geological  map  and  descriptions  of  the 

Seolr>gy  of  liiN  neighbourhood,  and  he  would  be  called  upon  to  examine  in  minute 
i^il  all  HCceMible  sections,  collect  and  determine  fossils,  and  generally  see  how  far 
Le  can  rerify  by  his  own  work  the  observations  of  those  who  have  gone  before  him. 
Indoor  work  during  the  third  year  would  be  devoted  to  strengthening  and  widening 
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• 

the  knowledge  already  gained.  Oat  of  doors  the  student  should  attempt  the  mapping 
of  a  district  by  himself.  It  will  be  well,  if  there  is  any  choice  in  the  matter,  to 
select  one  in  wnich  the  physical  features  are  strongly  marked. 

This  sketchy  outline  must  serve  to  indicate  the  notions  that  hare  grown  up  in  my 
mind  on  the  subject  now  before  us,  and  the  methods  I  hare  been  led  to  adopt  in  the 
teaching  of  geology.  I  trust  that  they  may  be  suggestive,  and  may  call  forth  that 
kindly  and  genial  criticism  with  which  the  brotherhood  of  the  hammer  are  wont  to 
welcome  attempts,  however  feeble,  to  strengthen  the  comer-stones  and  widen  the 
domain  of  the  science  we  love  so  well,  and  to  enlarge  the  number  of  its  votaries. 


PRIORITY    OF    NOMENCLATURE. 

Sir, — May  I  ask  your  opinion  on  a  question  of  nomenclatare  ? 
About  15  years  ago  1  discovered  in  Shropshire  the  formation  which 
Phillips  had  previously  found  in  the  Malvern  Bills,  and  had  called 
the  Hollybush  Sandstone.  Quite  recently.  Prof.  Lapworth,  writing 
in  this  Magazine,  referred  to  this  rock  as  the  *'  Comley  Sandstone," 
taking  the  name  from  the  locality  where  my  typical  section  is  seen, 
and  Prof.  Blake  has  adopted  the  new  nomenclature.  Is  this  change 
of  name  in  accordance  with  usage  ?  We  call  the  '*  Wenlock  Lime- 
stone "  by  that  name,  whether  it  occurs  in  Shropshire  or  the  Malvern 
Hills,  and  why  should  we  not  call  the  "  Hollybush  Sandstone "  by 
Phillips*  name,  whether  it  is  found  in  the  Malvern  Hills  or  in 
Shropshire?  Ch.  Callaway. 

Wellinotok,  Shropshire,  August  22rfd,  1890. 


THE  ELEVATION  OF  THE  WEALD. 

Sir, — In  the  rapid  increase  of  geological  literature,  some  of  our 
early  papers  may  easily  be  overlooked,  and  facts  unwittingly  repeated 
as  novel  which  had  already  been  noticed ;  but  it  may  not  often 
happen  that  the  first  observer  is  made  the  disciple  of  the  second. 
I  have  no  objection  to  legitimate  criticism  ;  but  there  is  an  objection 
to  this  obliteration  of  landmarks,  otherwise  I  should  not  now  care 
to  address  you.  In  Dr.  living's  note  "  On  the  Elevation  of  the 
Weald,"  in  this  month's  number  of  your  Magazine,  he  draws  atten- 
tion to  the  fact  that  in  1883  he  pointed  out  that  there  was  evidence 
of  the  encroachment  of  the  sea  upon  the  Upper  Clialk  in  Eocene 
times,  and  that  this  conclusion  is  accepted  by  Professor  Prestwich, 
This  might  lead  the  reader  to  suppose  that  I  had  overlooked  this 
point,  and  that  my  notice  of  it  in  my  paper  "On  the  Westleton  Beds" 
(1889),  to  which  he  refers,  was  in  consequence  of  his  1883  paper. 
Had  that  been  the  case,  I  should  not  have  failed  to  acknowledge, 
and  that  most  willingl3%  my  authority  for  so  leading  a  fact.  If, 
however.  Dr.  Irving  will  kindly  refer  to  my  paper  "  On  the  Thanet 
Sands"  in  Q.J.G.S.  for  1852,  pp.  256-260,^  or  to  "The  Ground 
Beneath  Us,"  pp.  70-79,  1847,  he  will  find  the  question  discussed 
at  some  length,  and  facts  and  sections  given  to  show  that  the  dome 
of  the  Weald  was  raised  after  Cretaceous  times,  and  that  the  Chalk 

^  Mr.  Irring  will  find  this  reference  in  the  paper  which  is  the  cause  of  his  remarks. 
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was  largely  planed  down  by  the  early  Tertiary  seas,  its  flints 
contributing  to  the  pebbles  of  the  Woolwich  and  Heading  beds. 

Having  pen  in  hand,  I  am  induced  to  notice  another  slight  matter 
in  Mr.  Irving*s  paper.  He  speaks  of  the  Lenham  sands  as  thoagh 
they  were  first  shown  to  be  of  Diestian  age  in  1888.  He  will  find 
that  that  was  the  conclusion  I  arrived  at  in  1857  (Q.J.G.S.  p.  328) 
and  repeated  in  1872  (Q.J.G.S.  pp.  134,  478)  and  1886  («  Geology," 
Vol.  I.  pp.  141,  303).  The  article  in  "Nature,"  1888,  to  which  he 
refers,  is  a  friendly  corroboration  of  the  conclusion  I  had  expressed. 
Nor  were  the  sands  on  the  Downs  some  miles  further  westward 
assumed  to  be  contemporaneous  "on  the  ground  of  approximate 
equality  of  altitude  above  the  sea,"  but  in  that  of  position  and 
structure. 

Mr.  Irving's  observations  about  the  Kaised  Beaches  of  Sussex 
described  by  me  in  1858,  and  others  in  the  Westleton  shingle,  might 
also  call  for  some  remarks  ;  but  these  would  lead  me  too  far.  I  am 
also  unable  to  follow  Dr.  Irving  in  the  larger  and  more  theoretical 
questions  on  which  he  enters,  and  respecting  which  we  shall  be 
better  able  to  judge  when  he  gives  us,  which  I  hope  he  will  in  some 
future  paper,  in  detail  the  local  evidence  upon  which  his  views  are 
based.  Joseph  Pbbstwich. 

Shorbham,  Kent,  Sept.  10,  1890. 


STANDARDS  OF  MEASUREMENT. 

Sir, — Will  you  kindly  permit  me  to  direct  the  attention  of  the 
readers  of  the  Geological  Magazine  to  an  objectionable  feature  in 
the  writings  of  many  of  our  modem  geologists,  namely,  the  use,  or 
rather  misuse,  of  the  French  metrical  standard  of  measurenieDts 
instead  of  the  English  imperial  standard.  There  are  numbers  of 
earnest  students  of  geology  who,  like  myself,  read  eagerly  and  care- 
fully, as  they  are  issued,  the  Quarterly  Journal,  Proceedings  of  the 
Geologists'  Association,  and  the  Geo  logical  Magazine,  but  being 
unacquainted  with  the  French  language  or  their  standard  of  weights 
and  measures,  they  are  unable  to  grasp  the  full  import  of  many  of 
the  learned  and  highly  instructive  papers  and  articles  which  adorn 
the  pages  of  the  above-mentioned  journals.  These  students  are  perfectly  familiar 
"with  the  English  standard,  and  any  raeasurement  from  1/1 6th  of  an  inch  to  a  fathom, 
or  eren  to  a  mile,  furnishes  at  once,  without  any  mental  effort,  a  perfectly  accurate 
impression  of  size  or  distance,  while  those  given  according  to  the  French  standard 
only  convey  impressions  of  the  most  indefinite  kind.  Moreover,  when  we  take  into 
consideration  the  fact  that  the  papers  and  articles  referred  to  are  written  by  English- 
men, published  in  English  journals,  and  many  of  them  are  read  before  English 
societies,  it  is  greatly  to  be  deplored,  not  onl^  that  their  usefulness  is  marred,  but  also 
that,  an  important  part  of  tneir  contents  is  rendered  practically  unintelligible  to  a 
very  large  number  of  readers  by  the  introduction  of  foreign  measures  and  ouantities. 
The  metrical  system  of  measures  may  be  superior  to  the  English  imperial  standard 
in  some  respects,  but  it  is  not  likely  that  the  former  will  ever  take  the  place  of  the 
latter,  either  in  England  or  her  numerous  and  populous  colonies,  while  the  use  of 
a  dual  system  must  of  necessity  be  a  fruitful  source  of  confusion  and  annoyance.  I 
roust  state,  however,  that  some  of  the  writers  who  use  the  metrical  system,  take  the 
trouble  to  add  to  the  measurements  given  in  that  standard,  their  approximate  equira* 
lents  according  to  the  imperial  standard,  and  if  all  would  adopt  that  course,  or  still 
better,  reverse  the  order,  there  wo\]i3L^\>4  no  Ivix^kot  ^xoa  tot  complaint. 

Kbswick,  Sept. ,1890.  ^^^  ^^«i.\aKOT«  ksw. 
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lion.  Its  charaoters  agree  with  those  of  the  specimen  from  Baimsdale 
described  bat  not  named  by  Dr.  Duncan.  This  species  differs  from 
X.  au9tralia  mainly  by  the  very  deeply  impressed  areolao  which 
occur  in  the  latter. 

Spinbs. 

The  collection  includes  a  considerable  number  of  spines  which 
closely  resemble  those  of  Goniocidari»,  Fhyllacanthus  and  possibly 
also  of  Heterocentrotus.  The  only  plates  to  which  the  spines  of  the 
Qlyphostomata  might  be  referi-ed  are  too  iuperfect  for  description 
(B.M.E  3378-9). 

Fam.  Cassidulidjs. 
Gen.  Cassidnlus,  Lam.  1801. 
CaBsidulus  longianuSy  sp.  nov.     PI.  XIII.  Figs.  1-3. 

Outline  from  above  elliptical,  somewhat  pointed  anteriorly.  Abac- 
tinally  it  is  evenly  rounded  ;  the  vertex  slightly  precentral.  Actinal 
surface  slightly  concave  with  the  mouth  in  the  centre  of  the  depres- 
sion.    A  wide  median  bare  band  runs  backward  from  the  mouth. 

Apical  system  at  vertex.  Five  radial  and  four  basal  pores. 
Madreporite  large,  occupying  whole  of  centre  of  the  system. 

Amhvlacra,  —  Petals  sublanceolate  ;  flush  ;  open  below ;  pores 
yoked.  The  single  pores  of  the  extrapetaloid  plates  are  on  the 
adoral  margin.  Petals  nearly  equal :  the  posterior  laterals  are 
slightly  narrower  and  less  lanceolate  than  the  anterolateral. 

Peristome  anterior :  at  deepest  part  of  the  slight  actinal  depression. 
FloHcelle  very  prominent.  Phyllodes  very  narrow  at  oral  end,  but 
expanding  into  wide  areas  with  five  pores  in  the  outer  row  of  each 
side.     Bourrelets  very  prominent.     Mouth  pentagonal. 

Anus  long,  narrow  and  oval ;  situated  at  upper  end  of  a  long 
narrow  groove,  which  however  barely  influences  the  posterior  margin. 

Dimensions.  Largest  specimen.   Type,  Fig.  1.  Type,  Fig.  2. 


Length             ...                ... 

"Width 

65  mm. 

45  mm. 

43  mm. 

66     „ 

42     „ 

40  „ 

Height 

30     „ 

22     „ 

20  „ 

Distance  of  apex  from  anterior  edge 

27     „ 

19     » 

•  •  • 

Distance  of  mouth          ,, 

26     „ 

•  •  • 

17  „ 

Maximum    width    of    poriferous   zone: 

antero- lateral  ambulacrum 

•  •  • 

2-5  „ 

1-6  „ 

Maximum   width    of    poriferous    zone : 

postero-lateral  ambulacrum 

•  •  • 

20  „ 

1-2  „ 

Length  of  an tero- lateral  ambulacrum 

•  •  • 

20     „ 

11         M 

Length  of  postero-   ,,         ,, 

•  •  ■ 

22     „ 

12     „ 

Cassidulus  has  not  previously  been  described  from  the  Australian 
Tertiaries.  The  genus  is  mainly  Cretaceous,  but  a  few  species  occur 
in  the  Eocene.  Cassidulus  longianus  is  a  well-marked  species :  the 
bare  median  band,  one  of  the  features  of  the  subgenus  Pygorhynehtif, 
the  long  anus  and  short  petals  form  a  series  of  characters  to  be  met 
with  in  no  other  species  of  the  genus.  It  most  resembles  some  of 
the  United  States  Cretaceous  forms  such  as  C,  subqucLdralus,  Conrad.' 

*  T.  A.  Conrad,  Joiuni.  iLc.^at.^d.^\i2\.\.^Y^^.^,'l^\^^i5w«^HA^^ 


*       "J 


J.  W*  Gregory — Australian  Eehinoidea.  483 

Oen.  Echmolatnpas,  Gray,  1825. 
EchinolampaB  ovulum,  Laube. 

Sitz.  k.  Ak.  Wise.  Wien.  lix.  AUh.  i.  1869,  pp.  191-2. 

Laube  in  1869  briefly  described  a  speoimen  from  the  Murray 
Oliffs,  which  he  temporarily  named  E.  ovulum  as  it  was  too  imperfect 
for  formal  diagnosis.  Prof.  Duncan  subsequently  referred  a  specimen 
from  Baimsdale  (B.M.  E  1107)  to  this  species.  Laube's  type  is 
in  the  Palasontological  Collection  of  the  Hot'  Museum  in  Vienna,  and 
owing  to  the  kindness  of  the  Director,  Dr.  Fuchs,  I  recently  had  the 
opportunity  of  examining  it ;  there  can  be  no  doubt  of  the  oorrectnesa 
of  Prof.  Duncan's  identification.  As  the  species  has  hitherto  been 
neither  figured  nor  described,  this  opportunity  may  as  well  be  taken 
for  doing  so  :  in  the  following  diagnosis  both  specimens  have  been 
used. 

Echinolampaa  ovulum,  Laube.     PL  XIII.  Figs.  7-8. 

Laube,  Sitz.  k.  Ak.  Wins.  Wien.  Bd.  liz.  Abth.  L  1869,  pp.  191-2. 
Duncan,  Q  J.6.S.  1877,  xxzia  p.  66;  1887,  xliii.  p.  420. 

Outline  seen  from  below  an  elongated  pentagon  with  rounded 
angles ;  sides  tumid,  rouuding  off  into  the  concHve  actinal  surface  : 
tapering  posteriorly  to  a  slight  rostrum,  at  the  end  of  which  is  the 
anus :  well  rounded  in  front. 

In  elevation  it  is  high,  with  the  vertex  behind  the  apical  disc. 

Vertex  blunt,  at  the  posterior  third  of  the  test. 

Apical  Bystem  anterior :  details  unknown. 

Ambulacra  with  lanceolate  petals,  open  below.  The  posterior 
pair  the  larger.  Pores  yoked.  The  petals  extend  more  than  two- 
thirds  to  the  ambitus.  Jn  the  posterior  ambulacra  the  pore  areas 
are  equal  (as  in  FaUjBolampas) ;  in  the  anterior  unequal  (as  in 
Echinolampa  s  ) . 

Peristome :  mouth  rounded  pentagonal  :  broader  than  long  : 
slightly  anterior :  at  deepest  part  of  the  actual  concavity. 

Floscelle  rudimentary,  formed  by  slight  bourrelets. 

Anus  elliptical,  transverse :  situated  at  the  end  of  a  slight  rostrum. 

Tidferculation :    of    close-set,   uniform   granules  with    impresiibd 

areolce. 

Dimensions.  Laube's  type.  B.M.  £1107. 

Lengtb        64    mm.  57    mm. 

Width:  at  posterior  third        56      „  48      „ 

,,         anterior  third 52      „  43      ,, 

Height        36*5  ,,  33*6  „ 

Apical  disc:  distance  from  anterior  end ...  25      „  23      ,, 

Echinolampae  posterocraMus,  sp.  no  v.     PI.  XIII.  Figs.  4-6. 

Form  a  depressed  rounded  pentagon  :  sides  tumid.  Apex  a  little 
behind  the  calycinal  system ;  anterior  slope  gentle. 

Apical  system  precentral ;  basal  pores  large :  those  oC  tVv^  '^Q^\«ctfyt 
pair  the  further  apart. 

Ambulacra  long,  narrow  :   slightly  peta\o\d  \>\x\.  «\ttvo^^  ^^x^^' 


43   miL 

36 

36*6 

21 

17 

10 

8 

17 

12 

3-6 
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open  below.  The  pore  pairs  of  the  anterior  pair  sligbtly  unequal, 
lliose  of  the  posterior  pair  markedly  so. 

Mouth  anterior:  in  the  highest  part  of  the  actinal  depresnoo: 
pentagonal :  phyllodes  very  riuHmentary. 

Anna  triangular :  infra-marginal. 

DlMBMSIOKS. 

^^^UIl  wU     •••    •••    •••    •••    •••    •••    «••    •••    •••    «••    •••    ••• 

Width:  at  ^  of  length  from  anterior  end      

),  tf  posterior  end     

XXwXIC  Uv      •••    •••    •••    •••    •••    •••    •••    •••    «••    •••    «•«    ••• 

Distance  of  apical  disc  from  anterior  end      

Length  of  petaloid  portion  of  anterior  ambulacrum 

Max.  widtn  of     ,,  „  ,,  „  

Length  of  petaloid  portion  of  posterior  f  anterior  poriferous  area 

ambulacrum  \  posterior  area    

Max.  width  of  „  ,,  „  ambulacrum        

This  species  belongs  to  the  group  of  Echinolampads  of  whidi 
E,  Btmilisy  Ag.,  may  be  taken  as  the  type.  It  differs  from  this  by 
its  greater  proportional  breadth,  and  the  greater  inequality  of  tlie 
poriferous  zones  in  each  of  the  posterior  petals.  It  can  be  easily 
distinguished  from  other  Australian  species  of  this  genus  by  its 
depressed  form  and  the  marked  inequality  in  the  length  of  tlie 
poriferous  zones  of  the  petaloid  portions  of  the  posterior  ambulacra. 
Its  general  form  reminds  one  of  Echinolampas  dispart  Fritsch,*  from 
the  Eocene  of  Borneo  ;  from  this  it  differs  in  that  the  mouth  is  more 
excentric  in  position,  the  anus  is  triangular  (instead  of  round  ae  in 
the  Malaysian  species),  and  in  the  latter  the  posterior  part  of  the 
test  is  much  wider  than  the  anterior. 

Fam.  Ananghttidje. 

Genus  Cardiaster,  Forbes,   1852. 

Cardiaster  tertiariua,  sp.  nov.     PL  XIV.  Figs.  2  &  3.    B.M.  E  3382. 

Outline  seen  from  above  cordate:  the  test  tapering  gently 
posteriorly ;  the  anterior  end  is  broad,  well  rounded,  and  marked 
by  the  deep  anterior  groove.  In  elevation  it  is  seen  to  be  sloping 
steeply  in  front  and  very  high  behind ;  the  posterior  interradius  is 
elevated  into  a  slight  keel.  Vertex  at  a  quarter  of  the  length  of 
the  test  from  the  anterior  end.  Posterior  margin  truncate  and 
vertical,  with  the  anus  high  upon  this  area.  In  this  position  the 
actinal  surface  appears  straight 

Apical  ayatem  central ;  elongate ;  only  the  right  half  is  known. 

Ambtdacra  flush :  the  pores  of  the  posterior  poriferous  zones  of 
each  of  the  paired  ambulacra  larger  than  the  anterior.  Pores  of 
unpaired  anterior  ambulacrum  minute. 

Tubercles  crenulate  and  perforate. 

DULBMBIONB. 

j-iciiKXii       *••     ...     ...     ««*     ...     .**     ...     •«•     .«•     4a  miu. 

Width  at  i  length  from  anterior  end  of  test 21     „ 

,,  „  posterior         ,,  ...     18    ,, 

^^vIkUv  ...  ...  ...  ...  ...  ...  ...  ...  ...         miif         ,y 

'  K.  von  Fritsch,  **Die  "EcYmAAeTi  ^«t  '^"o.mTSixJiAVfc'a-'^'^^xnsjMB.  tou  Borneo/ 
IVi^ontographica,  Bupp.  111.  \.  \,"ait,'l,\%1'\,^.V»,^,xau\^^'i«A.V 
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CardiaBter  has  not  hitherto  been  described  except  from  the 
Cretaceous.  The  late  Rev.  J.  E.  Tenison- Woods  recorded^  the 
genus  from  Mt  Gambier,  but  gave  neither  figure  nor  description ; 
and,  as  has  been  often  pointed  out,  little  value  can  be  attached  to 
his  generic  determination  of  Echinoidea.  The  present  specimen  is 
somewhat  broken,  and,  as  is  so  often  the  case  in  this  genus,  the 
fasciole  cannot  be  seen ;  nevertheless  the  general  form,  the  deep 
anterior  groove,  and  the  tuberculation,  leave  no  doubt  of  its  correct 
generic  position. 

The  species  agrees  most  closely  with  the  European  C.  ananehifHi, 
and  most  nearly  with  the  variety  cordifomuB,*  It  difiers,  however, 
in  the  greater  prominence  of  the  ridges  that  bound  the  anterior 
groove ;  the  test  is  higher,  the  anterior  end  is  steeper,  and  instead 
of  the  gentle  slope  of  the  posterior  interradium,  this  forms  a 
horizontal  keel,  which  is  terminated  abruptly  by  the  almost  vertical 
posterior  margin. 

Fam.  Spatanoidjs. 

Division  Prymnadete, 

Gknus  Pericosmua,  Ag.,  1847. 

Sp.  1.  PericoBmus  M'Coyi,  sp.  no  v. 

Perieotmua  eompressus,  M^Coy.     Prod.  Pal.  Victoria,  dec.  rii.  1882,  pp.  21-2,  pi. 
Ixvii.  fig.  2,  and  Ixyiii.     (Non  MegtUaster  eotnpressus,  Dane.) 

Sp.  2.   PericostnuB  compreBsuB,  Dune.  sp.     PI.  XIV.  Fig.  1. 
Megalaater  eompressus,  Done.  Q.J.6.S.  1877j  Tol.  xxxiii.  p.  62,  fig.  1. 

Prof.  Duncan,  in  1877,  described  as  MegalaBter  eompreBBUB  a  large 
Spatangoid,  evidently  an  ally  of  PericoBmuB,  bnt  for  which,  owing 
to  the  absence  of  fascioles,  he  instituted  a  new  genus.  Prof.  M'Coy 
five  years  later,  in  the  course  of  his  admirable  figures  and  descriptions 
of  the  Victorian  Pericosmi,  named  one  species  P.  eompreBBUB,  because 
he  was  deeply  impressed  with  its  resemblance  to  the  specimen 
described  by  Dr.  Duncan,  and  with  the  probability  that  MegalaBter 
would  turn  out  to  be  only  a  badly-preserved  representative  of  this 
genus.  Prof,  von  Zittel  ^  seems  previously  to  have  entertained  the 
same  doubts,  as  he  only  accepted  MegalaBter  with  a  query.  Prof. 
Duncan,  in  his  *'  Revision  of  the  Australian  Echinoidea,"  in  1887, 
referred  to  Prof.  M*Coy*s  remarks,  and  after  a  brief  discussion 
left  the  question  open.  In  his  recent  '*  Revision  of  the  Echinoidea,"^ 
however,  the  genus  is  again  quoted  without  any  expression  of  doubt 

The  question  of  the  retention  of  the  genus  MegalaBter  depends 
upon  whether  the  absence  of  fascicles  in  the  type-specimen  is  due 
to  their  never  having  been  developed  or  to  their  having  been 
obliterated  during  weathering.  The  specimen  has  certainly  been 
greatly  worn ;  none  of  the  tubercles  on  the  abactinal  surface  are 
shown  in  Prof.  Duncan's  drawing,  nor  are  they  preserved  in  the 
British    Museum   specimen.     It   is  therefore    not    surprising   that 

^  J.  E.  Tenison- Woods*  Geol.  Obs.  in  South  Australia,  1862,  p.  77. 
•  Samuel  Woodward,  Geology  of  Norfolk,  1833,  p.  50,  "pl."^.^^.^. 
'  von  Zittel,  Haodbach  der  Palaeontologie,  i.  l^ft^,  i^.  5\\. 
^  Joum,  Linn,  8oc.  Zovl,  xxiii.  Ibb9,  pp.  2*21-%. 
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fascioles  cannot  now  be  recognized ;  but  in  his  discaBsion  of  Hb^ 
queBtion  Prof.  Duncan  emphasizes  the  fact  that  the  specimen  \% 
certainly  specifically  distinct — quite  apart  from  tbe  fascicles — from 
any  described  species  of  PericosmuB.  Prof.  M^Coy,  on  the  other 
hand,  regarded  it  as  probably  identical  with  his  P.  eompre$m, 
though  he  noted  that  in  addition  to  the  fascioles  the  latter  has  s 
convexity,  instead  of  a  concavity,  near  the  summit  of  the  unpaired 
interradius. 

In  Mr.  H.  P.  Woodward's  collection  there  is  a  PericoBrnvs  which 
agrees  in  the  character  noted  by  Prof.  M'Goy,  and  in  other  points 
with  Dr.  Dnncan*s  specimen.  After  a  comparison  of  this  with  the 
specimen  of  MegalasteTy  I  entertain  no  doubt  that  the  two  are 
specifically  identical,  and  that  consequently  Megalaater  must  ba 
abandoned. 

As  to  the  second  question,  whether  Pericosmua  eompreaaus,  Dnno. 
sp.,  is  the  same  as  P.  compressus,  M*Coy,  I  agree  with  Dr.  Duncan 
rather  than  with  Prof.  M*Coy  and  Prof.  Button.  The  two  species 
differ  in  the  following  points :  P.  compre^Bus,  Dnnc.  sp.,  is  longer 
than  wide,  whereas  the  other  is  wider  than  long:  in  the  former 
the  anteal  sulcus  is  wider  and  shallower;  the  anus  is  oval  instead 
of  round;  the  anterior  slope  is  steeper;  the  test  is  higher;  the  apical 
disc  is  more  anterior;  there  is  a  concavity  behind  the  apical  disc; 
the  ambulacra  are  less  lanceolate,  blunter  and  sinuous,  lliese  form 
a  combination  of  characters  that  are  quite  sufiBcient  to  continue  the 
separation  of  the  species.  But  the  absorption  of  Megalaster  in 
PericoarnvB  necessitates  the  adoption  of  a  new  name  for  the  later 
species.  I  have  much  pleasure  in  calling  it  after  Prof.  M^Coy,  as, 
owing  to  his  admirable  work,  bis  name  must  always  be  associated 
with  the  species ;  its  renaming  is  only  required  owing  to  the 
perspicuity  with  which  Prof.  MCoy  interpreted  Prof.  Duncan's 
description  and  outline  figure,  and  to  the  caution  with  which  he 
hoped  to  save  palaeontological  nomenclature  from  a  useless  synonym. 

After  Prof.  Button's  *  remark,  it  is  perhaps  advisable  to  compare 
P.  M'Coyi  with  the  description  of  Meoma  craufordi,  Hutton.  The 
Australian  species  differs  from  the  New  Zealand  one  in  that  (1)  it 
is  not  a  Meoma  ;  (2)  it  is  broader  than  long — not  longer  than  broad, 
as  shown  by  Prof.  Button's  measurements;  (3)  the  antero-lateral 
ambulacra  are  equal  or  slightly  longer  than  the  postero-lateral. 

II. — Dr.  Taylor's  Collection.  From  the  banks  of  the  Murray 
Eiver  at  Morgan.' 

Fam.  Abbaoiidjs. 

Gen.  CcelopleuruSf  Ag.,  1840. 

CceJopleurvs  paucituherculatus,  sp.  nov.     PI.  XIY.  Figs.  4  and  5. 

Test  tumid ;   depressed  abactinally ;  concave  below.     Circular. 

^  F.  W.  Hutton,  "  On  the  Correlations  of  the  *  Cariosity- Shop  Bed,*  in  Canterburft 
New  Zealand/*  Q  J.6.S.  1885,  vol.  ili.  p.  664. 

'  Tbe  sections  at  this  point  have  boQii  lull^  described  by  Prof.  Tate  in  his  *'  Nottf 
on  tbe  Physical  and  Geoloj^ical  Yeatojwft  ol  ^<4  \*in«t  >&?Qxtv)  Bi<r«t^"  Traw- 
Boy.  Soc.  8.  Australia,  1885,  no\.  ^Si.  ^.  ^5. 
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Apical  system  large ;  ornamented  with  tubercles ;  radials  narrow. 
Anus  slightly  elliptioal. 

Ambutaera :  narrow  above  with  small  tubercles ;  but  wide  at  the 
ambitus  with  large  tubercles;  both  sets  are  uncrenulate  and  im- 
perforate. The  bosses  are  large  and  fill  up  nearly  the  whole  of 
the  areola.  Two  rows  of  small  flat  granules  run  up  the  centre 
of  each  area  at  the  ambitus,  but  disappear  above.  Eleven  plates 
in  a  vertical  series. 

Inierambidacra, — The  bare  median  band  at  the  summit  of  each 
area  is  bounded  on  either  side  by  a  row  of  large,  and  a  row  of  small 
granules.  At  the  ambitus  the  number  of  granules  widen,  and  there 
are  three  rows  of  subequal  granules  on  either  side.  No  primary 
tubercles.     Fifteen  plates  in  the  vertical  series. 

Mouth  large ;  in  a  concavity.     Buccal  slits  broad. 

Dimensions. 
Di&ineter  ... ...     19  nmL 

^^^*|^Uv  ...         ...         ...         ...         ...         ■••         ...         ... 

Width  of  ambulacral  area  at  ambitus    

Width  of  interambolacral       

Diameter  of  anus    

DtBtrihution :  Middle  Murravian,  Morgan,  S.  Australia  (preserved 
in  the  Ipswich  Museum). 

Codopleurus  is  a  typically  Cainozoic  genus,  but  has  not  previously 
been  recorded  from  the  Australian  Tertiaries.  The  type-specimen 
of  the  new  species  is  broken,  but  the  apical  disc  and  most  of  the 
abactinal  surface,  a  complete  ambulacrum  and  the  halves  of  the  two 
adjoining  interambulacra  are  shown  :  all  the  points  in  the  anatomy 
of  the  test  can  therefore  be  determined.  Ccelopleurus  paucitubercidatuB 
is  very  easily  distinguished  from  any  other  species  of  the  genus  by 
the  complete  absence  of  primary  tubercules  on  the  interradii  (the 
character  which  has  suggested  its  name),  and  by  the  persistence  to 
the  apical  disc  of  a  pair  of  granules  on  either  side  of  the  bare 
median  area.  In  the  latter  feature  it  resembles  Ccelopleurus  BindensiB^ 
Dune,  and  SI.,  which  is  apparently  its  nearest  ally.  It  can  be  easily 
distinguished  from  this  by  the  absence  in  the  new  species  of  the 
primary  ambital  interradial  tubercles. 

Fam.  Cltpeastrida. 

Gen.   Clypeaster,  Lam.,  1816. 

Clypeaster  gippslandicus,  M'Coy. 

Prod.  Pal.  Victoria,  Dec.  vi.  1879,  pp.  33-6,  pi.  lix. 

There  is  one  well-marked  specimen  in  the  collection  which  is  of 
interest,  as  the  species  is  usually  characteristic  of  the  uppermost  beds 
of  the  South  Australian  and  Victorian  Cainozoic  series. 

Subgen.  MonoBtychia,  Laube. 
MonoBtychia  auBtraUBf  Laube,  sp. 

Sitz.  k.  Akad.  Wiss.  Wien.  lix.  Abth.  i.  1869,  p.  190,  fig.  3. 

The  collection  includes  several  specimeiiE  ol  ^^i^a  «^^\«^>  wA  ^s^^ 
belonging  to  the  van  eUmgata. 
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Fam.  Spatavoidji* 
Gen.  ITennaMter,  Deaor,  1857. 
HmniaBter  planededivi$,  sp.  dot.    PI.  XIY.  Figt.  6  and  7. 

Pentagonal ;  thick  with  tamid  sides :  the  abactinal  sarfaoe  is 
depressed  and  flat,  and  slopes  gently  forward  from  the  rertex :  the 
posterior  side  is  steep,  almost  verticaL 

Apical  area  ezoentrio  posteriorly  :  in  front  of  the  Tertex.  Oon- 
struction  not  folly  known :  it  is  ethmolysian,  and  there  aie  two 
laige  pores  in  the  antero-lateral  hasals.  The  postero-latevsl  basals 
apparently  also  bear  a  pore  each. 

Ambulacra :  the  anterior  is  long  and  narrow  with  small  porss : 
it  is  lodged  in  a  slight  depression.  The  petaloid  portions  of  the 
lateral  pairs  are  in  broader  and  shorter  depressions.  The  anterior 
pair  are  slightly  sinuous  and  nearly  twice  as  long  as  the  posterior. 

FaBciole :  peripetalous :  it  is  irregularly  hexagonal :  the  anterior 
side  broadens  considerably  in  the  middle.  The  faaoiole  is  always 
wider  where  it  traverses  an  ambnlacmm. 

Anna :  high  on  the  posterior  margin. 

Mouth:  at  a  moderate  distance  from  the  anterior  margin:  the 
labi  um  is  strongly  projecting. 

DlMBNBIOKS. 

Length    ...        ...        ...        ...        ...        ...        ...        31  mm. 

Width :  at  one-tbird  length  from  anterior  end  ...        25 


JXcIkOw      •*•  ...  ...  ...  ...  ••.  •■•  *v       ,, 

Lenj^h  of  anterior  petal  9     ,, 

v*  lUlD   OI  ,,  ,,  a*.  ...  ...  ...  O         I, 

Length  of  posterior  petal  6    ,, 

vV  IQvD  01  ff  ,,  ...  ...  ...  ...  m       ff 

Apical  disc:  distance  from  anterior  end  18     „ 

Distribution,  —  Middle  Mnrravian,  Morgan,  Sonth  Aostralis 
(preserved  in  the  Ipswich  Museum). 

BemarlcB, — Hemiaster  planedecHvis  is  a  species  of  a  very  Cretaoeons 
aspect,  and  its  closest  affinity  is  with  the  group  of  which  H.fowueli. 
Desh.,*  H,  nucleusy  Des.,'  and  JT,  palpebratus,  Lor.,'  are  typical 
representatives :  it  has  the  high  posterior  vertex,  the  tumid  sides, 
the  flat  abactinal  surface,  the  almost  vertical  posterior  margin,  the 
small  posterior  petals,  and  well -developed  labrum  which  is  charac- 
teristic of  this  group.  Nevertheless  it  differs  clearly  from  any 
described  species ;  thus  from  IT.  pa!pebratu$  it  can  be  readily  dis- 
tinguished by  the  greater  flatness  of  its  abctotinal  surface,  and  the 
absence  of  the  tumid  antero-lateral  interradii  seen  in  that  species. 
The  widely-distributed  JET.  foumeli  is  probably  its  nearest  ally,  and 
from  this  it  may  readily  be  separated  by  its  greater  breadth  and  the 
flatness  of  the  upper  side.  From  the  whole  of  this  group  of  Remi- 
asters,  in  fact,  the  flatness  of  the  abactinal  slope,  the  proportions  of 
the  pairs  of  petals,  and  the  irregularity  of  the  fascicle  form  a  combina- 
tion of  characters  that  enable  this  species  to  be  easily  distinguished. 

^  Agassiz  and  Desor,  Catalogue  raisonn6,  pi  3,  Ann.  Sci.  nat.  (3)  riii.  1847,  p.  16. 
'  AgHSsix  and  Desor,  op.  ett.  p.  \1 . 

*  De  Ix)riol.  Faune  cr6tac\c\\ie  d\x  'Pox^^i^^, 'Eft^ivwAww^k^^V.  ^Mfc.V^i"^ 
1888,  pp.  103-4,  pi.  XX.  figa.  1-^. 


J.  W.  Oregory^ — Australian  Eehinoidea.  489 

The  genus  Hemtasier  baa  not  been  bitberto  desoribed  from 
Australia,  but  a  species  is  known  from  New  Zealand.  H,  plane' 
deelivia  belongs,  however,  to  a  very  di£ferent  group  to  this  J7.  poBtta, 
Uutton,'  which  has  a  cordate,  inflated  test,  with  the  pores  on  the 
inner  side  of  the  postero-lateral  ambulacra  obliterated  near  the 
apical  area.  Moreover,  the  latter  species  is  said  in  the  diagnosis  to 
have  neither  subanal  nor  peripetalous  fascicle.  If  this  be  correct, 
the  species  is  not  a  Hemiaaier,  but  must  be  transferred  to  the  genus 
Epiaster. 

The  generic  determination  of  this  Echinoid  may  be  considered 
doubtful  by  the  French  palseontologists  who  separate  from  Semi" 
a$ter  all  the  Gainozoic  forms.  But  apart  from  the  disputed  question 
of  the  validity  of  the  new  genera  to  which  these  species  are  referred, 
the  affinities  of  M,  planedeclivU  are  so  distinctly  with  the  Cretaceous 
group  that  it  must  be  regarded  as  a  true  typical  JlemiaBter, 

III.  — Fboii  Nullabbor  Plains. 

During  the  exploration  of  the  country  between  Port  Augusta  and 
Eucla,'  a  few  Echinoidea  were  collected  from  the  Nullarbor  lime- 
stotie ;  these  have  also  been  presented  to  the  British  Museum  (Nat 
Hist.)  by  H.  Y.  L.  Brown,  Esq.  At  Tallowan  Well  in  the  Fowler's 
Bay  district  an  Eehinolampas,  sp.,  and  some  fragments  probably 
referable  to  Eupatagus  were  collected.  The  other  specimens  were 
without  definite  locality :  they  are  Echinus  woodsiy  Laube,  and 
Lovenia  forbesi  (Woods  and  Dune). 

IV. — Thb  Affinities  of  thb  Eohinoid  Fauna. 

Many  attempts  have  been  made  to  classify  the  Australian  Cainozoio 
deposits,  and  to  establish  definite  correlations  of  the  beds  of  the 
various  localities  with  each  other,  and  with  the  European  formations; 
no  very  definite  classification  has,  however,  as  yet  been  agreed  upon. 
But  an  examination  of  the  faunal  lists  clearly  shows  that  various 
horizons  are  represented,  and  until  the  relations  of  these  are  at  least 
approximately  known,  no  definite  conclusions  as  to  the  affinities  of 
the  fauna  can  be  established. 

As  Mr.  Woodward's  collection  was  made  at  a  new  locality,  it  is 
necessary  to  consider  the  relations  of  the  fauna  to  those  from  other 
places  in  South  Australia  and  Victoria.  Of  the  five  recognizable  species 
three  are  new,  but  the  other  two  are  well-marked  forms  ;  they  suggest 
that  the  beds  belong  to  the  lowest  of  the  three  divisions  into  which 
it  seems  generally  agreed  that  these  Australian  Cainozoio  dt^posits 
can  be  divided.  As  to  the  terms  to  be  applied  to  these  divisions, 
however,  opinions  differ  greatly.  The  banks  of  the  Murray  River 
exhibit  the  longest  continuous  sections,  and  afford  the  best  oppor- 

1  F.  W.  Hatton,  Cat.  Tert.  Mollufloa  and  Echinodermata  of  New  Zealand,  New 
Zealand  Oeol.  Surv.,  IMiscell.  l^blications,  No.  IX.  1873,  p.  42.  Hector,  Cat.  of 
Geol.  Exhibits,  New  Zealand  Court,  India  and  Colonies  Exoibition,  London,  1886^ 
p.  54,  fig.  1. 

»  H.  y.  L.  Brown,    ** Report  of  Coimtry  pane^  0N«t  fccom.  'Soil^  k^5EMfi«-  *«^ 
JSacla, "  Adelaide,  1886. 
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tanity  for  the  working  oat  of  the  Beqiienoe  of  palaaontologioftl  smei ; 
it  is  therefore  probahle  that  this  series  will  serve  as  the  scale  with 
whioh  the  disconnected  heds  of  other  localities  will  be  oompaied ; 
hence  Prof.  Tate's  terms,'  Upper,  Middle  and  Lower  Morrayian,  may 
be  conveniently  adopted.  The  beds  at  Mordillao,  and  some  other 
Oippsland  localities  belong  to  the  highest  part  of  the  marme 
Gainozoios,  and  their  correlation  with  the  Upper  Marnman  seems 
generally  admitted.  The  beds  at  Mount  Gkunbter*  Waum  PoDds» 
Muddy  Greek,  Greelong,  Bird  Book  Point,  and  Gape  Otway  are 
referred  to  the  Middle  Murravian;  no  serious  effort  to  establish 
a  precise  correlation  of  the  beds  at  these  localities  seems  to  have 
been  made,  but  their  Echinoid  faunas  have  much  in  common ;  that 
of  the  four  species  from  Mount  Gambier,  three  occur  in  the  middle 
division  of  the  Murray  Biver  beds,  and  the  fourth  occurs  at  Cape 
Otway ;  of  the  four  at  Gape  Otway,  one  {Hola$ter  diffieiUasn 
unsatisfactory  species)  is  peculiar,  one  occurs  at  Mount  Gambier,  and 
the  other  two  in  the  Middle  Murravian  of  the  typical  locality. 

The  collection  made  by  Mr.  Woodward  has  a  somewhat  oldish 
facies:  FerieosmuB  compresBUB  (Dune.)  is  elsewhere  commonest  in 
the  Lower  Murravian  beds,  while  the  species  characteristic  of  the 
upper  division  are  absent.  Hence  though  the  evidence  is  insufficient 
for  any  positive  opinion,  it  is  probable  that  the  beds  at  this  point 
will  turn  out  to  be  Lower  Murravian. 

When  considering  the  distribution  of  the  Australian  Gainozoio 
Echinoidea,  one  must  compare  them  with  those  from  New  Zealand 
made  known  to  us  by  the  labours  of  Prof,  von  Zittel  •  and  Prof. 
F.  W.  Hutton.'  The  latter  has  described  a  fauna  from  the  Curiosity 
Shop  beds,  which  in  its  main  features  greatly  resembles  that  of 
South  Australia  and  Victoria,  while  some  of  the  species  are  regarded 
as  identical.  The  brief  diagnoses  given  by  Prof.  Ilutton  do  not,  in 
the  absence  of  illustrations,  allow  of  any  close  comparison  being 
made  between  them  and  the  Australian  species :  nevertheless  the 
resemblances  are  sufficient  to  show  that  they  are  of  approximately 
the  same  age,  and  to  necessitate  their  inclusion  in  any  full  considera- 
tion  of  the  relations  of  the  fauna. 

The  attempt  to  correlate  the  Murravian  beds  with  their  European 
equivalents  is  of  course  much  more  difficult  than  their  classification. 
Prof.  Duncan,  distrusting  the  application  of  European  terms  in  such 
distant  regions,  calls  the  Mount  Gambier  beds  Middle  Cainozoic, 
those  below  that  horizon  the  Lower,  and  those  above  the  Upper 
Cainozoia^  Profs.  Selwyn  and  M*Coy  and  the  authors  of  Skene's 
map  of  Victoria,  agree  in  the  main  with  Prof.  Duncan,  though  they 
call   the   Gippsland   beds    Pliocene   and   the  others   Miocene  and 

^  Tate,  '*  Notes  on  the  Correlations  of  the  Coral-bearing  Strata  of  South 
Australia,**  Trans.  Roy.  Soc  South  Australia,  vol.  i.  1878,  pp.  120-3. 

'^  K.  von  Zittel,  *'Meue  Mollusken  and  £chinodennen  aos  Neu-Seeland,**  NoTsrs 
Reise,  Palacontologie. 

=»  F.  W.  Button,  "  Catalogue  of  the  Tertiary  Mollusca  and  Echinodermata  of 
New  Zealand,'*  New  Zealand  GeoV.  Soc.,  Hvat^ll.  Fublic.  ii.  1873. 

*  P.  M.  Duncan,  **  On  the  ¥o8»\.  OowNa  oV  ^<ft  KjaaNwiiMtt.  "Ivc^bax^  Deposits,*' 
Q,J.Q,S.  juvi.  1870,  p.  315. 
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Oligocene:  as  long  as  we  regard  these  terms  as  implying  only  a 
general  homotaxis,  they  are  synonymous  with  and  more  convenient 
than  the  others.  Professor  Button  ^  howoTer  assigns  his  New 
Zealand  Echinoidea  to  the  Gretaceo-Tertiary ;  but  the  fact  that  more 
than  20  per  cent  of  the  species  from  this  horizon  are  still  living 
would  appear  to  conclusively  negative  this  opinion.  Prof.  Button, 
however,  in  his  latest  note,'  correlates  the  Cobden  with  the  Ototara 
limestone,  and  says  that  the  fossils  "  indicate  an  Upper  Eocene 
or  Lower  Miocene,  %,e,  an  Oligocene  age."  Prof.  Tate's  con- 
clusions' are  rather  intermediate  between  the  two  extremes  of 
Prof.  M'Coy  on  the  one  hand  and  Prof.  Button's  earlier  paper  on 
the  other  :  he  correlates  the  Upper  Murravian  as  Miocene  and  the 
Middle  Murravian  as  Eocene.  Mr.  Dennant^  again  would  make  the 
beds  older.  As  the  Upper  Muddy  Greek  beds,  including  Mordillac, 
contain  only  6*5  per  cent,  of  living  species,  he  assigns  them  to  the 
Oligocene,  and  the  lower  beds  with  1*5  per  cent  to  the  Lower 
Eocene.  Nummulites,  it  may  be  remarked,  also  occur  on  this  horizon. 
The  Echinoidea  seem  to  support  the  views  of  Mr.  Dennant  The 
presence  of  so  many  genera  peculiar  to  or  characteristic  of  the 
Cretaceous,  such  as  CanaiduluSf  Catopygus,  Cardiaster,  Holaster,  and 
Micraster,  and  the  closer  alliance  of  some  species,  as  H,  planedecHDis, 
to  the  Gretaceons  rather  than  the  Tertiary  representatives  of  their 
genera,  suggest  that  the  fauna  is  early  Tertiary. 

Some  other  genera,  as  Calopleurus  and  Echinolampas,  are  charac- 
teristically Eocene,  and  some  peculiar  forms  have  their  nearest 
allies  in  the  same  period :  further  the  absence  of  the  typical  Upper 
Tertiary  genera  is  very  noticeable ;  both  of  these  points  strengthen 
the  same  conclusion.  Moreover,  as  far  as  the  Echinoidea  go,  the 
differences  of  the  faunas  of  the  Upper  and  Lower  Murravian  are 
too  slight  to  allow  one  to  consider  them  as  separated  by  so  long 
a  period  as  that  between  the  Eocene  and  the  Pliocene;  there  is 
certainly  nothing  in  the  Echinoid  fauna  that  would  debar  the 
uppermost  beds  from  entering  the  Oligocene. 

But  the  real  correlation  of  these  beds  will  depend  more  on  the 
Mollusca  than  on  the  Echinoidea:  the  latter  are  so  anomalous  a 
collection  that  little  faith  can  be  attached  to  their  evidence  on  this 
subject.  The  interest  of  the  fauna  depends  on  its  bearing  on  other 
problems.  It  seems  to  be  composed  of  two  constituents :  about 
a  third  are  species  of  the  ordinary  Palaearctic  Upper  Gretaceous 
genera ;  these  seem  to  have  migrated  southwards  and  became 
mingled  on  their  journey  with  a  fauna  that  agrees  most  closely 
with  that  of  the  Eocenes  of  India  and  Malaysia.  No  abyssal  types 
were  picked  up  on  the  march,  nor  do  any  of  the  species  retain  any 

1  F.  W.  Hutton,  Q.J  G.S.  xli.  1886,  pp.  668-64. 

*  **  On  some  Fossils  lately  obtained  from  the  Cobden  Limestone  at  Greymouth,** 
Trans.  N.  Zealand  Inst.  zx.  1888,  pp.  267-9. 

*  Tate,  **  Census  of  the  Fauna  of  the  Older  Tertiary  of  Australia,*'  Joum.  B. 
Soc.  N.  S.  Wales,  zzii.  1888,  pp.  242. 

*  J.  Dennant,  "  Notes  on  the  Muddy  Creek  Beds,  ^\t\i  'Bmi  'SUftXDAx^iA  «iv  ^'Owst 
Tertiary  Strate  oi  8.  Western  Victoria,''  Trana.  B..  Soc.  S.  kxi&XawJ^  ^<:^- t^- ^''^'^^ > 
pp.  63-4. 
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traoe  of  the  inflaenoe  of  a  deep-sea  habitat  Henoe  the  ronte  mty 
have  followed  the  coaeta  of  Asia  and  Malaysia,  in  wbidi  case  we 
may  hope  for  mach  further  light  to  be  thrown  open  its  progress  by 
oolleotors  in  that  area ;  or  the  line  may  have  lain  across  what  is 
now  OGCupied  by  the  deep  abysses  of  the  Indian  Ooean,  bat  if  so 
it  must  have  ooourred  before  its  bed  had  subsided  to  anything  like 
its  present  depth. 

EXPLANATION  OP  THE  PLATES. 

PLATE  XIII. 

F108.  1,  2,  and  8.  Co—idulua  Umg%am%u^  sp.  dot.,  WiUnnga,  8.  ADstnlia.    Nal  nn. 

Brit.  MuB.  £  3380.     Pig.  1.  Abactiiud  view.    F%.  8.  AetiBil 

yiew  of   another  specimen.      Fig.  S.   Side  view  of  lonMr 

specimen. 
F108.  4,  6,  and  6.   Eehinoiawpat  pftstfroerMnu,  sp.  noT.,  Willunga.      Nat  an. 

Brit.  Mas.  E  3381.     Nat.  size.     Pig.  4.  Side  riew.    Pig.  6. 

Abactinal  yiew.    Pie.  6.  Actinal  view  of  same  specimen. 
F108.    7  and  8.  £ekiMoiampa$  ovuium^  Laube.     Buirnsdale,  Victuiia.     Brit.  Mas. 

£  1107.     Nat.  siie.     Pig.  7.  Actinal  ?iew.     Fig.  8.  8ids 

yiew  of  same  ^ecimen. 

PLATE  XIV. 

Fio.  1.  F^rieotm%t9  compr$$99u  {Dtukc),    Willun^    Brit.  Mns.  £  8889.    Halfsise. 
Fios.  2  and  3.  CnrdiaBttr  terUoriut,  sp.  noy.    Willunga.    Brit  Mob.  £3882.    Nst 

sife.    Fig.  2.  Abactinal.    Pig.  3.  Side  yiew  of  same  specimen. 
F108.  4  and  5.  CcehpUut-us  paucitubweulatut^  sp.  noy.       Moi]pm,    S.    AustrsHa. 

Fig.  4x2  dia.    Pig.  6.  Diagnun  of  apical  diao  and  sorroonding 

plates  X  4  dia.     Ipswich  Museum. 
F108.  6  and  7.  Beminster  planedeeltvi§^  sp.  noy.    Morgan,  S.  Australia.     Nat  size. 

Ipswich  Museum. 


II. — Quaternary  Chamges  or  Lkykls. 

By  Warren   Upham, 
of  the  United  States  Geological  Survey. 

THE  article  by  Prof.  J.  W.  Spenoer  in  the  last  May  number 
of  this  Magazine  brings  together  many  evidenoes  of  high 
continental  elevation  of  North  America  preceding  the  Pleistocene  or 
Glacial  period.  Though  Professor  Spenoer  has  not  proceeded  to 
interpret  these  observations  as  revealing  in  continental  elevation 
the  probable  cause  of  the  severely  cold  climate  and  accumulation  of 
ice-sheets  during  the  Glacial  period,  I  believe  that  this  is  a  legitimate 
conclusion,  and  that  it  strongly  re-enforces  the  arguments  long  ago 
advanced  by  Lyell  and  Dana,  and  recently  emphasized  anew  by 
Wallace. 

But  certain  other  observations  bearing  on  the  length  of  the  Post- 
glacial or  Recent  epoch  lead  me  to  di£fer  from  Wallace,  who  combines 
high  elevation  with  maximum  eccentricity  of  the  earth's  orbit  as 
necessary  concomitant  conditions  of  glaciation.  Closely  accordant 
computations  of  the  length  of  Postglacial  time  have  been  reached 
quite  independently  by  Prof.  N.  H.  Winchell,  from  the  rate  of 
recession  of  the  Falls  of  Saint  Anthony  ;  ^  by  Dr.  E.  Andrews,  from 

'  Quart.  Joum.  Geol.  Soc.,  yo\.  xx\y .  U78,  ^\i.  886-901 ;  Geology  of  Minnesota, 
fifth  Annual  Report,  for  1876  ;  Mi^F\iiaX^%^w\.,'s«\.'\^.  \^'^'^,^^.  ^U-341,  with 
numerous  plates  and  maps. 


W.  Upham — Quaternary  Changes  of  L^teb.  498 

the  rate  of  erosion  of  the  shores  of  Lake  Miohigan  and  the  resulting 
accumulation  of  beach  sand  blown  into  dunes  at  the  south  end  of 
the  lake  ;  ^  by  Prof.  G.  F.  Wright,  from  the  rate  of  filling  of  small 
peat  bogs  in  hollows  surrounded  by  kames  and  osars  at  Andover, 
Mass.,  and  from  the  erosion  of  streams  tributary  to  Lake  Erie;* 
by  Mr.  G.  E.  Gilbert,  from  the  recession  of  Niagara  Falls;'  and  by 
Prof.  B.  E.  Emerson,  from  the  rate  of  deposition  of  modified  drift 
in  the  Connecticut  valley  at  Northampton,  Mass.^  These  measure- 
ments and  estimates  agree  in  showing  that  only  6,000  to  10,000 
years  have  passed  since  the  ice-sheet  of  the  last  Glacial  epoch  was 
melted  away  from  the  northern  part  of  the  United  States.  It  is 
therefore  impossible  to  refer  that  glaciation  to  an  epoch  of  increased 
eccentricity  which  ended  80,000  years  ago.  An  equally  small 
estimate  is  also  indicated  by  the  studies  of  Gilbert  *  and  Russell ' 
for  the  time  sinoe  the  last  great  rise  of  Lakes  Bonneville  and 
Lahontan,  which  appear  to  have  fluctuated  contemporaneously  with 
the  growth  and  departure  of  the  North  American  ice-sheets. 

In  Wales  and  Yorkshire  the  amount  of  denudation  of  limestone 
rocks  on  which  boulders  lie  has  been  regarded  by  Mr.  D.  Mackintosh 
as  proof  that  a  period  of  not  more  than  6000  years  has  elapsed  since 
the  boulders  were  left  in  their  present  positions.^  The  vertical 
extent  of  this  denudation,  averaging  about  six  inches,  is  nearly  the 
same  with  that  observed  in  the  south-west  part  of  the  Province  of 
Quebec  by  Sir  William  Logan  and  Dr.  Robert  Bell,  where  veins 
of  quartz  marked  with  glacial  strisa  stand  out  to  various  heights  not 
exceeding  one  foot  above  the  weathered  surface  of  the  enclosing 
limestone.* 

Another  indication  that  the  final  melting  of  the  ice-sheet  upon 
British  America  at  the  close  of  the  last  Glacial  epoch  was  separated 
by  only  a  very  short  interval,  geologically  speaking,  from  the  pre- 
sent time,  is  seen  in  the  wonderfully  perfect  preservation  of  the 
glacial  striation  and  polishing  on  the  surfaces  of  the  more  enduring 
rocks.  Of  their  character  in  one  noteworthy  district.  Dr.  Bell  writes 
as  follows : — *'  On  Portland  promontory  on  the  east  coast  of  Hudson*s 
Bay,  in  latitude  58^,  and  southward,  the  high  rocky  hills  are  com- 
pletely glaciated  and  bare.  The  strisa  are  as  fresh-looking  as  if  the 
ice  had  left  them  only  yesterday.     When  the  sun  bursts  upon  these 

*  TraoBactions  of  the  Chicago  Academy  of  Sciences,  vol.  ii.  James  C.  SoathalPs 
"Epoch  of  the  Mammoth  and  the  Apparition  of  Man  npon  the  Earth,'*  1878, 
chapters  xxii.  and  xxiii. 

'  Am.  Jonrn.  Sci.  iii.  Tol.  xxi.  pp.  120-3,  Feh.  1881 ;  **The  Ice  Age  in  North 
America,"   1889,  chapter  xx.  p.  466. 

>  Nature,  toI.  xxxiy.  p.  560 ;  Proc.  Am.  Assoc,  for  Ad?,  of  Science,  vol.  xxxv. 
for  1886,  p.  222;  ♦«  llie  History  of  the  Niagara  River,"  Sixth  Ann.  Rep.  of 
Commissioners  of  the  State  Reservation  at  Niagara,  for  1889,  pp.  61-84. 

*  Am.  Joom.  Sci.  iii.  vol.  xxxiv.  pp.  404-5,  Nov.  1887. 

*  U.S.  Geol.  Survey,  Second  Annual  Report,  p.  188. 

*  U.S.  G«ol.  Survey,  Monograph  xi.  **  Geological  History  of  Lake  Lahontan," 
p.  273. 

'  Quart.  Joum.  Geol.  Soc.  vol.  xxxix.  1883,  in  Proceedings,  ^ij.^"-^^.  C^tsi'^'«x» 


id,  vol.  xlii.  1886,  pp.  627-539. 
'  Bulletin  of  the  Geological  Society  of 


America,  \o\.  V.  \^^^,  ^.  ^^^« 
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bills  after  they  have  been  wetted  by  the  rain,  Ihey  glitter  and  ahina 
like  the  tinned  roofs  of  the  city  of  Montreal."  ^ 

Debarred  by  the  shortness  of  the  Postglacial  epoch  from  attribut- 
ing the  Joe  Age  to  the  astronomic  condition  of  maximum  eooentricity, 
BO  ably  advocated  by  CroU,  we  must  look  for  other  oaaaes  of  this 
extraordinary  geological  period ;  and  these  seem  to  be  found  in 
great  uplifts  of  the  glaciated  areas,  of  which  for  North  America 
Prof.  Spencer  has  given  an  impressive  review.  The  submarine 
border  of  the  continental  plateau  to  d^^pths  of  more  than  8000  feet 
is  cut  by  valleys  or  channels,  which  if  raised  above  the  sea-level 
would  be  fjords  or  canons.  These  can  be  no  other  than  river^ 
eourses  eroded  while  the  land  stood  much  higher  than  now ;  and  its 
subsidence  evidently  took  place  in  a  late  geologic  period,  else  the 
channels  would  have  become  tilled  with  sediments. 

According  to  the  United  States  Coast  Survey  charts,  as  noted  by 
Spencer,  the  bottom  of  a  submerged  valley  just  outside  the  delta  of 
the  Mississippi  is  found  by  soundings  at  the  depth  of  3000  feet 
This  valley  is  a  few  miles  wide,  and  is  bounded  by  a  plain  of  the 
sea-bed  from  900  to  1200  feet  above  its  floor.  It  thns  appears  that 
the  country  north  of  the  Gulf  of  Mexico  has  been  raised  for  a  short 
time  to  a  height  of  not  less  than  8000  feet ;  and  it  is  important  to 
note  in  passing  that  an  equal  uplift  would  wholly  close  the  Strait 
of  Florida,  2064  to  3000  feet  deep,  through  which  the  Gulf  Stream 
now  pours  into  the  North  Atlantic. 

The  continuation  of  the  Hudson  River  valley  has  been  traced  by 
detailed  hydrographic  surveys  to  the  edge  of  the  steep  continental 
slope  at  a  distance  of  about  105  miles  from  Sandy  Hook.  Its  outer- 
most 25  miles  are  a  submarine  fjord  three  miles  wide  and  from 
900  to  2250  feet  in  vertical  depth,  measured  from  the  crests  of  its 
banks,  which  with  the  adjacent  flat  area  decline  from  800  to  600 
feet  in  depth  below  the  present  sea-level.  The  deepest  sounding  in 
this  fjord  is  2844  feet' 

An  unfinished  survey  by  soundings  off  the  mouth  of  Delaware 
Bay  finds  a  similar  valley  submerged  nearly  1200  feet,  but  not  yet 
traced  to  the  margin  of  the  continental  plateau. 

Again,  the  United  States  Coast  Survey  and  British  Admiralty 
charts,  as  Spencer  states,  record  submerged  fjord  outlets  from  the 
Gulf  of  Maine,  the  Gulf  of  Saint  Lawrence,  and  Hudson  Bay, 
respectively  2664  feet,  3666  feet,  and  2040  feet  below  sea-level. 
The  bed  of  the  old  Laurentian  River  from  the  outer  boundary  of 
the  Fishing  Banks  to  the  mouth  of  the  Saguenay,  a  distance  of  more 
than  800  miles,  shown  by  Professor  Spencer's  map,  is  reached  by 
soundings  1878  to  1104  feet  in  depth.  Advancing  inland,  the 
sublime  Saguenay  fjord  along  an  extent  of  about  fifty  miles  ranges 
from  300  to  840  feet  in  depth  below  the  sea-level,  while  in  some 
places  its  bordering  clifl'8,  one  to  one  and  a  half  miles  apart,  rise 
abruptly  1500  feet  above  the  water.  ^ 

»  Jd.  p.  308. 

*  Uep.  of  U.S.  Coast  and  GeodeWc^\«Ne^,\^^V,Y^.  V^V%,'^t\iTOap  and  profile; 
also  in  Anier.  Journ.  Sci.  iii.  \o\.  \x\k.  i?i^.  Vlb-\%^>  ^^i»fc,\^'^^.  ^^TKs^\feW\v^\fi. 

Geol.  Soc.  Am.  vol.  i.  1889,  pp  b&^l.  r>    a         »  o*^..x..»  wxcv  ^  k\ 

«  J.  W.  Dawson,  "Note  on  ihe  PoaVl^Uo^ti^  ^«^^  ^^^  ^%m.^>  YKV^.TiA^* 
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Greenland  is  divided  from  the  oontiguous  North  American 
continent  and  archipelago  by  a  great  valley  of  erosion,  which  is 
estimated  from  soundings  and  tidal  records  to  have  a  mean  depth 
of  2510  feet  below  sea-level  for  680  miles  through  Davis  Strait; 
2095  feet  for  770  miles  next  northward  through  Baffin  Bay ;  and 
1663  feet  for  the  next  55  miles  north  through  Smith  Strait.^ 

On  the  Pacific  coast  of  the  United  States,  Professor  Le  Oonte  has 
shown  that  the  islands  south  of  Santa  Barbara  and  Los  Angeles, 
now  separated  from  the  mainland  and  from  each  other  by  channels 
20  to  30  miles  wide  and  600  to  1000  feet  deep,  were  still  a  part  of 
the  mainland  during  the  late  Pliocene  and  early  Quaternary  periods.* 

In  northern  California,  Professor  Davidson  of  the  US.  Coast 
Survey,  as  cited  by  Spencer,  reports  three  submarine  Talleys  aboot 
25,  12,  and  6  miles  south  of  Cape  Mendocino,  sinking  respectively 
to  2400,  3120,  and  2700  feet  below  the  sea-level  where  they  cross 
the  100  fathom  line  of  the  marginal  plateau.  If  the  land  here 
were  to  rise  1000  feet,  these  valleys  would  be  fjords  with  sides 
towering  high  above  the  water,  but  still  descending  beneath  it  to 
profound  depths.' 

Farther  to  the  north,  Puget  Sound  and  the  series  of  sheltered 
channels  and  sounds  through  which  the  steamboat  passage  is  made 
to  Glacier  Bay,  Alaska,  are  submerged  valleys  of  erosion,  now 
filled  by  the  sea,  but  separated  from  the  open  ocean  by  thousands 
of  islands,  the  continuation  of  the  Coast  Range  of  mountains. 
From  the  depths  of  the  channels  and  fjords  Dr.  G.  M.  Dawson 
concludes  that  this  area  had  a  Preglacial  elevation  at  least  about 
900  feet  above  the  present  sea-level,  during  part  or  the  whole  of 
the  Pliocene  period.* 

The  general  absence  of  Pliocene  formations  along  both  the  Atlantic 
and  Pacific  coasts  of  North  America  indicates  that  during  this  long 
period  all  of  the  continent  north  of  the  Gulf  of  Mexico  held  a  greater 
altitude,  which,  from  the  evidence  of  these  submarine  valleys,  is 
known  to  have  culminated  in  an  elevation  at  least  3000  feet  higher 
than  that  of  the  present  time.  Such  plateau-like  uplift  of  the 
whole  continent  appears  to  have  exerted  so  great  influence  on  its 
meteorologic  conditions,  bringing  a  cooler  climate  throughout  the 
year,  that  it  finally  became  enveloped  by  an  ice-sheet  to  the  southern 
limit  of  the  glacial  strisa,  till,  and  moraines,  stretching  from 
Nantucket  and  Cape  Cod  to  New  York,  Cincinnati,  Saint  Louis, 
Bismarck,  and  thence  westward  to  the  Pacific  somewhat  south  of 
Vancouver  Island  and  Puget  Sound.  The  thickness  of  the  ice-sheet 
in  the  region  of  the  White  Mountains  and  the  Adirondacks  was 
about  one  mile;  and  Dana  has  shown,  from  the  directions  of 
striation  and  transportation  of  the  drift,  that  its  central  portion  over 
the  Laurentian  highlands  between  Montreal  and  Hudson  Bay  had 
probably  a  thickness   of  fully  two   miles.     In   British  Columbia, 

1  Smithsonian  Contribations  to  Knowledge,  vol.  xv.  pp.  163,  164. 

'  Bulletin  of  the  California  Academy  of  Sciences,  vol.  ii.  1887,  p^.  SV&-S^<^« 

»  Id.  vol.  ii  pp.  266-8. 

*  Canadian  Naturalist,  new  series,  vol.  viii.  pp.  24\-^\%,  kV^>  ^^"^"^  • 
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according  to  Dr.  G.  H.  Dawson's  observations^  it  oovered  mountain 
summits  5000  to  7200  feet  above  the  sea.^ 

While  thus  heavily  ice-laden,  nearly  the  whole  glaciated  area  sank 
below  its  present  level,  but  for  the  most  part  only  to  a  slight  amoaot 
in  oomparison  with  its  previous  elevation.  Beginning  at  a  line 
drawn  north-eastward  through  New  York,  Boston,  and  Nova  SooCis, 
the  extent  of  the  submergence  of  the  land  by  the  sea  at  the  time  of 
recession  of  the  ice-sheet,  as  shown  by  fossiliferoos  marine  deposits 
overlying  the  till,  increases  from  150  and  225  or  230  feet  on  the 
ooast  of  New  Hampshire  and  Maine  to  520  feet  at  Montreal ;  300 
to  500  feet  on  the  country  south-west  of  James  Bay  ;  and  about  1500 
feet,  according  to  Dr.  Robert  Bell,  at  Naohvak  on  the  eastern  ooast 
of  Labrador.  In  British  Columbia,  including  Vancouver  Island  and 
the  Queen  Charlotte  Islands,  Dr.  Dawson  finds  eyidence  of  snb- 
mergenoe  to  the  amount  of  200  or  300  feet  while  the  glacial  con- 
ditions still  endured.  During  Postglacial  time  the  Atlantic  and 
Pacific  coasts  have  been  again  uplifted,  attaining  generally  a  some« 
what  greater  height  than  now,  the  most  recent  movements  being 
mostly  subsidence.  But  in  the  basin  of  Hudson  Bay,  and  probably 
also  in  Labrador  and  northward,  the  uplift  from  the  glacial  depres- 
sion is  still  in  progress.' 

In  the  interior  of  the  continent,  the  northward  ascent  of  the 
beaches  of  the  glacial  Lake  Agassiz  shows  that  the  differential 
uplift  attending  the  departure  of  the  ice-sheet  amounted  to  about 
one  foot  per  mile,  increasing  from  south  to  north  or  north-north-east, 
in  the  Red  River  Valley  and  the  basin  of  Lake  Winnipeg,  for  400 
miles  from  Lake  Traverse  to  the  north  end  of  Duck  Mountain.' 

On  account  of  the  same  upward  movement,  the  beach  formed 
by  Lake  Ontario  when  it  was  dammed  on  the  north-east  by  the 
receding  ice  upon  the  area  of  the  Adirondacks,  the  Thousand  Islands, 
and  the  Ottawa  basin,  is  found  by  Gilbert  to  have  an  ascent  of 
tliree  feet  per  mile  north-eastward  about  the  west  end  of  this  lake 
and  along  its  south  side,  with  increase  to  four  or  ^\q  feet  per  mile 
about  its  east  end.  The  Postglacial  tilting  of  the  old  beaches  of 
Lake  Erie,  and  similar  changes  that  have  been  studied  by  Chamberlin 
in  Wisconsin  between  Lakes  Michigan  and  Superior,  seem  to  present 
less  regularity,  probably  because  the  restoration  of  equilibrium  of 
the  earth's  crust  is  combined  with  independent  cnistal  movements 
and  strains,  whereby  a  large  part  of  the  glacial  depression  of  the 
basins  of  these  lakes  is  still  retained.  I'he  beaches  and  deltas  of 
a  small  glacial  lake  in  the  valley  of  the  Contoocook  River,  New 
Hampshire,  have  a  northward  rise  of  about  fi.ve  feet  to  the  mile 

1  Geol.  Mao.  Dec.  III.  Vol.  VI.  1889,  pp.  350-2. 

*  For  a  more  detailed  review  of  these  Postglacial  oscillations,  and  of  QuatemarT 

movements  of  uplift  and  subsidence  in  other  parts  of  the  world,  both  in  glaciated 

and  unglaciated  regions,  see  Prof.  G.  F.  Wrignt*8  **  Ice  A^  in  North  America," 

1889,  Appendix  by  Warren  Upham,  pp.  673-696. 

s  Geol.  Mao.  Dec.  II.  Vol.   X.   1883,  pp.  427-8;    Dec.  III.  Vol.  IV.  1887, 

).  344-8 ;  Vol.  Vl- 1889,  p.  37.    Geology  of  Minnesota,  vols.  i.  and  ii.    Bulletin  39, 

S.  Geol.  Survey.    Geol.  and  l^al.  \i\&\!.  ^>3i^«^  ^1  C;«xaA&^  iLunual  Beport,  vol.  iv. 

for  l8SS-^9,  Part  E. 
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along  its  extent  of  fifteen  miles ;  ^  and  the  average  of  the  differential 
uplift  between  Boston  and  Montreal,  a  distance  of  about  250  miles, 
is  approximately  two  feet  per  mile. 

North-western  Europe  also  had  a  much  greater  altitude  during 
the  later  part  of  the  Tertiary  era,  in  which  Scandinavia  and  the 
British  Isles  suffered  vast  denudation,  with  erosion  of  fjords  and 
channels  that  are  now  submerged  500  to  800  feet  beneath  the  sea.' 
Probably  many  of  these  submarine  channels  are  now  more  or  less 
filled  with  the  glacial  drift,  so  that  valleys  originally  descending 
continuously  toward  the  margin  of  the  continental  plateau  have 
become  in  some  portions  changed  to  enclosed  basins.  The  maximum 
Preglacial  elevation  must  have  exceeded  the  depth  of  the  Skager 
Hack  between  Denmark  and  Norway,  which  is  2580  feet,  with 
a  deep  submerged  valley  running  from  it  west  and  north  to  the 
abyssal  Arctic  Ocean.' 

Under  the  weight  of  its  ice-sheet,  the  glaciated  area  of  Europe, 
like  that  of  North  America,  sank  mostly  to  a  somewhat  lower  level 
than  it  now  has,  the  maximum  depression  being  on  the  coast  of 
Norway,  about  580  feet.*  From  this  depression  Scandinavia  has 
gradually  risen,  with  pauses  during  which  beaches  were  formed ; 
and  the  uplift  of  that  country  continues  to  the  present  day,  as  of 
the  region  about  Hudson  Bay.^ 


III. — Notes  on  the  Bunteu  and  Keupeb  Formations  in  the 

Country  around  Liverpool.' 

By  G.  H.  Morton,  F.G.S. 

THE  Bunter  and  Keuper  formations  of  the  Trias  are  very  fully 
developed  in  the  country  around  Liverpool,  and  leaving  out  of 
consideration  the  Red  Marl,  both  of  these  formations  seem  to  be 
thicker  there  than  anywhere  else  in  Great  Britain.  The  object  of 
this  paper  is  to  give  a  few  notes  recording  the  thickness  of  the  Trias, 
the  structure  of  the  various  sandstones  of  which  it  is  composed,  and 
the  character  of  the  included  pebbles,  many  of  which  are  of  local 
derivation. 

Excavations  and  borings  have  been  in  constant  progress  for  many 
years,  so  that  every  bed  in  the  Trias  has  been  exposed  and  on  most 
horizons  many  times  in  succession,  and  it  is  now  possible  to  tell 
exactly  the  strata  to  expect  at  any  given  depth  when  once  those  at 
the  surface  are  ascertained. 

The  following  section  shows  the  succession  and  relative  thickness 

*  Geology  of  New  Hampshire,  vol.  iil  1878,  pp.  103-120. 

'  James  Geikie,  Q.J.G.S.  yo\.  xxxIt.  1878,  pi.  xxxiii.    "The  Great  Ice  Age," 
second  edition,  pp.  279-284,  with  plates  ix.^xii 
'  Nature,  toI.  xxiii.  p.  393,  with  map  of  submarine  contour. 

*  Gbol.  Mao.  Dec.  III.  Vol.  VI.  1889,  pp   167,  168 ;    Nature,  xol.  xwSi.^*  fjl^b, 

*  Nature,  loe.  eit. ;  and  roh  zxxix.  pp.  488-492. 

*  Read  at  the  British  Association,  I«eds,  SeptembeT,  \^QQ« 

DECADE  m.-^VOL.   YIU KO,  XI.  V^ 
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of  eaob  sabdiviaion  of  ihe  Banter  and  Kenper  derived  from  nulwaj 
cuttings  and  tunnels,  borings  for  water  and  ooal-pita. 


K,up«.  800  feet  {  ft^^^t^niio..  -        Z        ^ 
Trias  {  ( Upper  Soft  Smndrtone        ...        660 

Bunter.  mo  feet    £Pl-5*SrS:2l  Z       Z 

( Lower  Soft  Sanditone       ...        400 

2760 
The  whole  thickness  in  1863  was  supposed  to  be  about  1700  feeii 
and  was  obtained  from  the  measurement  of  outcrops  of  the  stnUa, 
but  it  is  now  proved  to  be  2750  feet  The  Red  Marl  at  the  top  of 
the  Ken  per,  and  the  Lower  Soft  Sandstone  at  the  bottom  of  the 
Bunter,  however,  vary  in  thickness  from  a  few  to  400  feet 

Microscopic  Structurb. 

In  each  of  the  subdivisions  of  the  Trias  the  sandstones  present 
a  tvpical  character,  though  it  often  happens  that  some  interstratified 
beds  of  a  softer  or  harder  nature  occur  and  differ  from  those 
forming  the  rest  of  the  strata.  A  few  specimens  from  any  sub- 
division will  often  indicate  the  horizon  to  which  they  belong,  bat 
it  must  not  be  supposed  that  a  single  piece  of  tbe  sandstone  is 
sufficient  for  the  purpose. 

In  a  series  of  beds  of  sandstone  2350  feet  in  thickness,  excluding 
the  lied  Marl,  and  which  vary  on  the  same  horizon  in  different 
localities,  it  is  difficult  to  draw  general  conclusions  of  much  value 
The  microscopic  examination,  however,  of  a  great  number  of 
specimens  from  many  horizons  in  the  Trias  about  Liverpool  shows 
that  there  are  five  normal  types,  although  they  run,  more  or  less, 
into  each  other. 

Firstly — Coarse-grained  sandstone,  composed  of  rounded  and 
subanguiar  grains  of  quartz,  larger  than  xu^th  of  an  inch  in 
diameter. 

Secondly — Fine-grained  sandstone,  composed  of  rounded  and 
subanguiar  grains  of  quartz  smaller  than  xii^th  of  an  inch  in 
diameter. 

Thirdly — Coarse-grained  sandstone,  containing  a  gi-eat  number  of 
large  grains  of  quartz  ^Vth  to  -sVth  of  an  inch  in  diameter,  like  a 
minute  conglomerate. 

Fourthly — Coarse-grained  sandstone,  oomposeii  of  rounded,  sab- 
angular  and  crystallized  grains  of  quartz — the  crystallized  faces 
having  been  deposited  on  the  original  grains  after  the  sandstone 
was  formed. 

Fifthly — Coarse-grained  sandstone,  or  quartzite,  originally  formed 
of  rounded  and  subanguiar  grains  which  have  been  united  by  the 
deposition  of  silica  into  a  hard  rock  after  the  formation  of  the 
sandstone. 

All  these  sandstones  contain,  in  addition  to  the  grains  described, 
a  great  number  of  smaW  ?>\\\w\.^t^  iv^x«v^\itft  of  quartz  down  to 
mhr^ih  of  an  inch  in  diavueVex  au^  %o  ^\i^  ^  ^a  x^^xoXJia  \xs^\^ 
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In  the  Bunter  formation,  the  Lower  Soft  Sflndstone  is  very 
similar  to  the  Upper  Soft  Sandstone  in  general  ajipearanoe,  hut  it 
is  coarser  and  the  average  size  of  the  grains  is  larger  than  x^vth  of 
an  inch  in  diaroeter.  The  chief  distinction  is  the  frequent  ocourrence 
of  large  rounded  grains  from  -sVth  to  -^Vth  of  an  inch  in  diameter  in 
a  matrix  of  smaller  ones,  hut  they  are  not  always  present  and  seem 
peculiar  to  the  subdivision  in  South- West  Lancashire.  Strata  at 
Croxteth,  Tarbock  and  Rainford  belonging  to  the  Lower  Soft  Sand- 
stone contain  these  large  seed-like  grains,  embedded  in  a  coarse- 
grained matrix,  but  generally  so  loose  that  the  rock  has  a  soft  sandy 
character.  At  Knowsley  the  grains  are  held  together  by  secondary 
quartz  and  a  quartzite  of  extreme  hardness  is  the  result.  Kaolin  is 
always  present  and  often  some  mica. 

The  Lower  and  Upper  Pebble-beds  are  formed  of  sandstone  com- 
posed of  coarse  rounded  and  subangular  worn  and  crystallized  grains 
of  quartz,  associated  with  minute  splintery  fragments.  Kaolin  in 
the  form  of  grains  and  dust  forms  a  conspicuous  portion  of  the 
rock.  The  typical  sandstone  of  the  Pebble-beds  is  almost  a  true 
grit  formed  of  angular  grains,  but  the  angularity  is  in  consequence 
of  the  crystallization  of  secondary  quartz  in  planes  and  angles  over 
the  exterior  of  the  originally  rounded  grains  in  optical  continuity.^ 
The  hardness  and  toughness  of  the  Pebble-beds  as  a  building-stone 
is  due  to  their  compact  and  felted  structure — the  interstices  between 
the  grains  being  filled  up  with  a  fine  dust  of  quartz  and  kaolin 
and  the  whole  cemented  together  by  ferric-oxide  and  silica.  The 
grains  of  quartz  are  generally  from  -jVth  to  Toxrth  of  an  inch  in 
diameter,  besides  a  vast  number  of  splintery  fragments.  In  addition 
to  kaolin,  mica  and  a  few  other  minerals  occur. 

The  Upper  Soft  Sandstone  is  principally  composed  of  small 
rounded  grains  of  quartz,  varying  from  T^Trth  down  to  minute 
fragments  T^irth  of  an  inch  in  diameter.  The  structure  is  of  a 
loose  sandy  character,  so  that  the  sandstone  soon  disintegrates  on 
exposure  to  the  weather.  The  highest  beds  are  coarser  than  the 
mass  of  the  Upper  Soft  Sandstone,  and  occasional  grains  occur  from 
-sV  to  -sV  of  an  inch  in  diameter  as  at  Scarth  Hill  near  Ormskirk, 
Flaybrick  Hill  and  Crown  Street,  Liverpool,  but  they  are  so  rare 
that  they  are  not  characteristic  of  the  subdivision.  Kaolin  is  always 
present  and  usually  a  few  flakes  of  mica.  The  finer  grain  of  the 
Upper,  compared  with  the  Lower  Soft  Sandstone,  is  well  shown  by 
placing  a  series  of  specimens  from  each  subdivision  and  from 
different  localities,  together,  when  the  average  finer  grain  of  the 
latter  is  obvious. 

The  Keuper  Sandstone  varies  considerably  in  its  microscopical 
structure,  and  that  near  the  base  cannot  be  distinguished  from  that 
of  the  Pebble-beds.  The  lower  beds  of  the  Keuper  Sandstone  are 
composed  of  large,  rounded,  subangular  grains  of  quartz,  many  of 
which  are  covered  with  crystallized  faces  of  a  more  recent  origin. 
Higher  in  the  subdivision  the  sandstone  is  often  formed  o^  \<iM\A^^ 

*  The  foiwatioD  of  crystaU  on  ^^ins  of  quartz  \n  «aiid%\.o\i«  "^i^a  ^t«X.  ^^ssKt^a^ 
fyProL  r.  G-  Bonney,  i'.B.S.,  in  Q.J.G.S.  \ol.  xxxv.  jj.  ^^^. 
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graiTiR  and  mncli  resembles  that  of  tlie  Upper  SoH  SH^detone.  thno^h 
uBiinlly  much  harder.  There  are,  liowever,  other  beds,  about  ilia 
middle  of  the  Eeiiper  Snndstone,  remarkable  for  (be  large  proportion 
of  knoHii  they  contain  and  the  oocnrrence  ofcryBtallized  grains. 

Atlhoiigh  there  is  a  ditTerence  between  the  qoarla  grains  and  tV 
relative  proportion  of  kaolin  aesooiated  wllb  them  in  the  eandston* 
described,  the  chief  dietinotion  is  in  oonKequence  of  ohemiotd  change 
that  have  allored  the  sandsloneH  since  their  deposition. 

The  original  felspar  grains  have  been  iistially  decomposed  and  the 
silica  HO  liberated  deposited  in  optical  and  crystalline  contiDiiit;  on 
the  grnitiB  of  qiiartz,  while  the  percolsiion  of  water  containing  ferric- 
oxide  ]iroduced  the  various  shades  of  red  and  yellow,  and  both  tbs 
silica  tind  the  iron  form  ihe  cementing  material  with  which  the 
grains  are  united.  The  great  divemity  in  the  colour  and  Ihe  varie- 
gated appearance  frequently  seen,  particularly  about  the  basie  nf 
the  Keiiper,  and  the  variation  in  the  tenacity  with  which  the  grains 
Bre  hell!  together  in  the  Triassic  Sandatones  generally  are  iiiterestiug 
ailhjecls  for  investigation  mid  often  very  difficult  to  explain.' 
Pebbles  in  tbb  Trtab. 

Tlie  only  pebbles  that  occur  in  the  Bunter  formation  in  the 
country  around  Livei'pool  are  found  in  the  Lower  Pebble-beds,  and 
considering  the  great  thickness  and  the  large  area  over  which  the 
subdivision  occurs,  the  variety  is  by  no  means  remarkable  and  vety 
much  alike  in  different  localities.  Most  of  the  pebbles  are  leas  ibaa 
an  inch  across  and  very  few  reach  the  diameter  of  six  inches.  Thej 
consist  principally  of  white  vein  quartz,  qnarfzite,  and  a  few  other 
rocks  and  minerals.  Nearly  all  are  of  a  round  or  oval  form,  per- 
fectly smooth  and  must  have  come  from  a  great  distance,  and  mo«t 
probably  from  the  Cambrian  and  Silurian  rocks  of  Central  England 
or  Scotland.  Neit  in  frequency,  though  relatively  few,  are  rongh 
pebbles  and  angular  fragments  of  coarse  felspathio  grit,  BaDdst^ne, 
and  chert,  resembling  beds  in  the  Cefn-j-Fedw  Sandstone,  Millstone 
Grit,  and  Coal-meaaures  within  twenty  miles  from  Liverpool.  They 
oould  not  have  travelled  far,  and  may  have  been  derived  from  8ti«t» 
at  a  less  distance.  Although  it  is  assumed  that  the  Coal-measures  to 
the  east  and  north-east  were  covered  by  the  Trias,  it  is  certain  that 
they  had  been  denuded  about  Parbold,  Enowsley  and  mnch  of  Flint- 
shire, before  the  latter  formation  was  deposited  on  the  Millstone  Grit, 

At  Middle  Island  and  Bilbre  Point,  near  Hoylake,  there  are  beda 
of  breccia  containing  angular  fragments  of  vein  quartz,  grit,  and 
sandstone,  associated  with  strata  containing  scattered  pebbles  of  the 
qnaitzite  characteristic  of  the  Lower  Pebble-beds.  Similar  breccisted 
beds  occur  at  Little  Mollington,  near  Chester,  but  the  fragments  Bre 
smaller  than  those  at  Hilbre.  At  Cuckoo  Hill,  near  Hope  in  Flint- 
shire, the  sandstones  and  shales  of  the  Millstone  Grit  are  well 
exposed  with  the  Lower  Soft  Sandstone  resting  against  them,  and 
the  lowest  beds  of  tbe  W\«t  form  a  brecoia  several  feet  thick  of 
SD^Iar  fragments  from  tVo  vmAwX'j™^  ATaVt, 

>  "Iron  as  •  Colonrins  MaWet  <*  ftncto,"  V^  fc..-8.'OTa!Q.'V»s*,-«R.&.,'i«. 
Ziiveiiiool  Geol,  Soc.  ■vol.  v.  p.  M*. 
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During  the  last  three  years,  at  the  suggestion  of  Prof.  Bonney,  I 
oollected  a  large  number  of  pebbles  from  the  Lower  Pebble-beds  of 
the  Bunter  and  from  the  base  of  the  Keuper  Sandstone — selecting 
the  following  localities  as  those  where  pebbles  were  most  abundant, 
viz.  Eastham,  Hilbre,  Bedstones,  Hilbre  Point,  Pool  Hall  Bocks, 
Bainhill,  Thatto  Heath  and  Woolton  in  the  Bunter;  and  Bidston 
Hill,  Flaybrick  Hill,  Oxton,  Wallasey  and  West  Kirby  in  the  Keuper. 

The  pebbles  in  the  Lower  Pebble-beds  include  many  of  white 
Tein  quartz  and  a  few  of  a  red  shade.  The  quartzite  pebbles  vary 
considerably  in  colour  and  range  from  white  to  grey  and  black,  and 
ftrom  white  to  pink,  red,  brown,  and  the  well-known  liver-coloured 
quartzite,  but  the  latter  is  not  common.  Some  of  them  are  coarse 
and  others  fine-grained,  and  the  latter  usually  fracture  through  the 
grains  embedded  in  the  matrix.  These  are  felspathic  grits  which 
Prof.  Bonney  considers  of  the  ''Torridon  Sandstone'*  type,  and 
others  resembling  the  Millstone  Grit  Halleflinta  and  black  slaty 
rock  sometimes  with  white  quartz  veins  are  frequent.  Quartz-felsites 
occur,  but  generally  in  a  decomposed  condition.  Sandstone  like 
that  of  the  Upper  Silurian  is  frequent^  A  single  specimen  of 
pink  granite  was  found,  and  a  pebble  of  white  orthoolase  with  the 
cleavage  remarkably  bright  and  fresh.'  A  pebble  of  black  chert 
and  another  of  cherty  mudstone  resembling  beds  in  the  Cefn-y- 
Fedw  Sandstone  were  also  found.  The  largest  pebbles  measured 
six  inches  in  length,  and  they  were  of  both  quartz  and  quartzite, 
but  it  is  seldom  that  they  occur  so  large.  Small  bits,  large  rounded 
lumps  and  thin  partings  of  shale  and  marl  are  of  frequent  occurrence. 

The  pebbles  in  the  Keuper  Sandstone  occur  almost  entirely  about 
the  base  of  the  formation,  but  they  are  few  in  number  compared 
with  those  in  the  Bunter.  There  are  pebbles  of  white  vein  quartz, 
and  a  few  have  yellow  and  red  stains.  The  quartzite  pebbles  are 
mostly  white,  and  possess  a  glistening  external  appearance  in 
consequence  of  the  irregular  fracture  of  the  embedded  grains,  but 
there  are  some  of  a  pink  and  light  red  shade,  and  others  of  light 
and  dark  grey.  There  are  a  few  pebbles  of  halleflinta,  one  of 
decomposed  rhyolite,  and  another  of  quartz- felsite.  A  pebble  of 
white  and  several  of  pink  orthoolase  showing  the  cleavage  planes. 
Some  indurated  angular  bits  of  red  clay  occur  in  the  basement  bed 
at  Flaybrick,  but  few  grits  or  sandstones  have  been  found.  The 
liver-coloured  quartzite  has  not  been  seen  in  any  of  the  localities 
examined.  The  largest  pebbles  found  were  two  inches  in  lengthy 
and  they  are  rare.  Small  bits  and  rounded  lumps  of  red  and  grey 
marl  are  very  common  about  the  base  of  the  Keuper. 

It  is  remarkable  that  not  a  single  pebble  of  the  Carboniferous 
Limestone  has  been  found  in  either  the  Bunter  or  Keuper,  from 
which  it  may  be  inferred  that  the  formation  was  not  exposed  at  the 
surface  during  Triassic  times.  There  is  evidence  that  the  Cefn-y- 
Fedw  Sandstone,  Millstone  Grit  and  Coal-measures  were  exposed 

^  An  Upper  Silurian  fossil,  Piatsftehitma,  was  found  at  Eastham. 
'  A  simuar  pebble  in  exactly  the  same  conditioii  'waa  toxoA  m  ^^  "^^so:^  ^ 
WiUJasejr» 
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to  denudation  dnring  the  deposition  of  the  Banter,  as  aome  of  the 
angular  fragments  of  grit  and  sandstone  seem  to  have  been  deriYed 
from  those  formations. 

The  pebbles  of  the  Reaper  are  similar  to  those  of  the  Banter 
formation,  but  the  number  and  variety  are  muoh  less.  They  do  not 
seem  to  have  been  derived  from  the  Bunter,  and  it  is  not  likely  that 
it  was  exposed  to  denudation  at  the  time,  so  that  the  probability  it 
that  they  came  from  the  same  source  when  the  supply  had  nearly 
dwindled  away  and  was  almost  limited  to  those  of  light-oolound 
quartzites. 

A  typical  collection  of  the  pebbles,  including  those  from  both  the 
Bunter  and  the  Eeuper,  was  sent  to  Prof.  Bonney  who  minutely 
examined  and  kindly  sent  me  the  following  report  thereon  : — 

'*Many  of  the  banl  quartzites  and  quartzose  rock  (halleflintsa, 
grits  of  more  than  one  type — sometimes  felspathic)  are  identical 
with  those  which  we  find  in  Staffordshire.  Tlie  igneous  rocks 
(felstones  chiefly)  are  less  well  preserved  and  seemingly  leas 
numerous,  but  I  think  I  may  say  that  they  present  a  general 
resemblance  to  some  of  those  found  in  that  district  I  only  observe 
one  piece  which  resembles  *  Torridon  sandstone,*  and  it  is  so  small 
that  I  should  not  like,  without  microscopical  examination,  to  assert 
positively  that  it  might  not  be  a  fine-grained  granite.  One  of  the 
peculiarities  of  this  grit  found  in  Staffordshire  is  the  difficulty  which 
not  unfrequently  occurs  in  distinguishing  it  macroscopically  from 
granite.  But  I  have  no  hesitation  in  saying  that  your  specimeus, 
on  the  whole,  appear  to  have  been  derived  from  the  same  Rources  aa 
those  we  find  in  the  St ntfortl shire  district,  only  they  are  smaller  and 
perhaps  not  quite  so  well  rounded— clearly  the  Liverpool  region  was 
out  of  the  course  of  the  strongest  currents. 

'*  At  first  sight  it  seems  strange  that  the  Bunter  in  the  Cheshire- 
Lancashire  region  should  be  thicker,  but  of  finer  material  than  in 
the  Central  Midland  district.  But  it  seems  to  be  quite  possible 
that,  in  the  case  of  strata  of  fluviatile  origin,  the  deposits,  though  of 
coarser  material,  may  he  thinner  in  the  line  of  the  stronger  currents, 
because  these  deposits  may  be  less  continuous — ^just  as  a  river  keeps 
open  its  channel  while  raising  the  land  on  either  side.  If  we  assume 
a  southern  origin  for  the  |)ebb1es,  we  still  have  the  difficulty  of  the 
greater  thickness  of  the  beds  further  from  the  source.  One  thing 
cannot  l)e  overlooked  in  speculations,  viz.  that  quartzite  pebbles, 
identical  with  those  in  Staffordshire,  occur  plentifully  in  the  Dpper 
Faloeozoics  of  Southern  Scotland.  Similar  felstones  occur,  but  1  can 
SHV  no  more  because,  when  last  I  saw  these  Scotch  Pebble-beds,  I  was 
not  paying  any  particular  attention  to  the  matter." 

Prof.  E.  Hull.  F.R.S.,  some  years  ago,  was  of  opinion  that  the 
quartzite  pebbles  of  the  Bunter  were  derived  from  those  of  the  Old 
Bed  Conglomerate  of  Scotland,  and  the  denuded  tracts  bordering 
the  German  Ocean.^  More  recently,  Prof.  T.  G.  Bonney,  F.R.S., 
attributed  their  source  to  the  quartzite  of  Koss-shire  about  Loch 
Mavee,  and  minutely  descnbed  \.\vq  N^i[\^t.v^«  that  occur  in  that 
^  "  Triawic  and  rermian  ol  t\ieU\S\Mi^^vi\«i:^«^r  ^^^^  V^.^^^^.  . 
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district,  and  concluded  that  they  were  exactly  alike,  while  they 
differ  from  any  English  rock.  He  supposes  that  the  Bunter  beds 
of  Central  and  Northern  England  may  represent  *'  the  deltas  of  two 
great  streams  descending  respectively  from  the  north-west  and  the 
north-east,  and  receiving  tributaries  from  land  on  either  side."^ 
Both  Prof.  Hull  and  Prof.  Bonney  agreed  as  to  the  origin  of  the 
pebbles,  and  that  some  may  have  been  embedded  in  the  Old  Bed 
Conglomerate,  and  ultimately  in  the  Triassic  sandstone.  Indeed, 
Prof.  Hull  surmised  that  they  '*  must  have  undergone  a  process  of 
trituration  during  more  than  one  geological  period,  else  they  would 
not  be  so  invariably  bereft  of  all  angularity." 

Mr.  W.  J.  Harrison,  F.G.S.,  ascribes  the  source  of  the  quartzite 
pebbles  in  the  Midland  Counties  to  the  old  PalsBOzoic  ridge  in  Central 
England,  the  short  distance  of  which  may  account  for  the  great 
number  and  variety  of  the  pebbles  found  there.*  Prof.  Bonney, 
however,  states  that  he  has  identified  two  different  quartzites  there, 
and  that  the  Ross-shire  quartzite  is  one  of  them.  In  1888  Prof. 
Hull  announced  that  he  had  abandoned  the  view  of  the  North 
British  origin  of  the  pebbles  in  favour  of  that  proposed  by  Mr. 
Harrison,  and  states  that : — "  At  the  time  I  suggested  the  Scottish 
source,  I  was  freshly  and  vividly  impressed  with  the  resemblance 
of  the  reddish  or  *  liver-coloured  *  quartzite  pebbles  to  those  of  the 
Old  Red  Conglomerate  of  the  Lesmahago  and  other  districts.  But 
I  all  along  felt  the  difficulty  (on  which  Mr.  Harrison  lays  just  stress) 
that  the  number  and  age  of  the  Bunter  pebbles  decrease  from  the 
Central  District  of  England  towards  the  North-west,  which  ought 
not  to  be  the  case  if  they  had  the  origin  I  attributed  to  them. 
Further  reflection  leads  me  to  think  that  the  objection  is  fatal  to 
the  view  either  of  myself  or  of  Prof.  Bonney,  notwithstanding  the 
microscopic  resemblance  which  he  points  out  to  the  quartzites  of 
the  Highland  rocks."' 

Mr.  A.  Strahan,  F.G.S.,  is  of  opinion  that  the  Bunter  Sandstone 
"  was  distributed  by  strong  currents  flowing  between  Central  Eng- 
land and  Wales  from  the  South,  as  the  increasing  abundance  of 
pebbles  in  this  direction  indicates."  If  such  were  the  case,  the 
Bunter  wonld  appear  to  have  been  a  delta  deposit,  the  pixnluction  of 
a  river  draining  the  lost  Triassic  lands.^ 

Conditions  of  Dsposition. 

The  Permian,  Bunter  and  Keuper  formations  in  the  country 
around  Livt*rpool  seem  to  have  been  deposited  under  somewhat 
similar  conditions,  and  consist  of  beds  of  sandstone  associated  with 
frequent  conglomerates,  breccias,  shales  and  marls.  Many  opinions 
have  been  expressed  as  to  the  relative  conditions  under  which  the 
fonnations  were  deposited,  but  that  there  was  a  gradual  change  from 
an  open  sea  in  the  Pennian  to  a  contracted  estuary  or  lake  in  the 

1  Geol.  Mao.  Dec.  II.  Vol.  VII.  p.  404  (1880).  and  Vol.  X.  p.  199  (1883). 

*  Proc.  Birmingham  Phil.  Soc.  vol.  iii.  p.  167  (i882). 

»  "  Pebbles  in  the  Bnnter  Sandstone,"  Gbol.  MAo.I>ec.\l.\o\.:L.^.'r^^V>«^'S\' 

*  "  Qeologj  oi  Cheshire;'  Joum.  Iron  and  Steel  littt.  ^.  ^bl  ^\%%VV 
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Bnntor  and  Eenper,  and  finally  to  a  great  aalt  lagoon  in  tbe  age 
of  the  Red  Marl,  expresnes  the  idea  generally  entertained.  The 
Permian  formation  was  evidently  formed  during  and  jnat  after  tbe 
upheaval  of  the  Coal-measures,  and  the  Trias  seems  to  have  origin- 
ally  covered  them  continuously  over  South- West  Jjanoasbire  ss  it 
does  now  about  Liverpool.  Although  the  Permian  has  not  been 
satisfactorily  determined  in  the  district,  the  marine  charaoter  of 
the  formation  is  evident  from  the  fossils  found  at  Bedford  Leigh 
twenty  miles  to  the  east,  and  at  Colly  hurst  near  Manchester, 
though  they  seem  stunted  in  growth  as  if  they  had  lived  in  bnckiah 
wnter. 

I'he  Bunter  formation  is  usually  supposed  to  have  be^i  deposited 
in  lakes  or  land-locked  seas ;  but  in  the  absence  of  the  remains  of 
marine  organisms,  it  is  certain  that  it  was  not  formed  in  the  open 
sea,  and  it  is  difficult  to  suppose  it  had  any  direct  oommuniostion 
with  it.  It  seems  more  probable  that  it  was  deposited  along  the 
course  and  formed  *'the  deltas  of  two  large  streams,  deaoending 
respectively  from  the  north-west  and  north-east,  and  receiving 
tributaries  from  land  on  either  side,"  as  suggested  by  Prof.  Bonney. 
These  streams  brought  down  Kuch  an  enormous  quantity  of  shifting 
sand  that  there  was  little  chance  of  a  plant,  shell,  or  other  organism 
being  preserved  in  the  sandstone.  The  source  of  the  material,  how- 
ever, must  have  changed  during  the  flow  of  these  supposed  Triassio 
rivers,  for  there  was  an  alternation  in  the  character  of  the  sediment; 
firstly,  fine-grained  sand  containing  a  great  proportion  of  large 
rounded  grains  ;  secondly,  sand  with  quartz  and  quartzite  pebbles; 
thirdly,  a  fine-grained  sand  again;  and  sand  and  pebbles  again  finally 
appeared  in  the  Keuper.  It  seems  doubtful  whether  the  pebbles 
came  from  the  north  of  Scotland  or  from  the  centre  of  England,  and 
consequently  it  is  equally  uncertain  as  to  the  origin  of  the  enormons 
deposit  of  sandstone  2350  feet  in  thickness.  The  pebbles  are  said 
to  be  most  numerous  in  Staffordshire,  and  decrease  towards  the  north 
of  Cheshire  and  Lancashire ;  but  this  seems  rather  doubtful,  for  the 
thickness  of  the  Bunter  becomes  much  greater  in  that  direction  and 
the  pebbles  more  scattered.  If  the  sand  and  pebbles  came  from  the 
Midland  counties,  it  is  evident  that  the  sand  would  be  carried  the 
furthest,  that  the  pebbles  might  be  gradually  left  behind,  and  that 
few  would  reach  Liverpool.  They  may,  however,  have  come  from 
Scotland,  down  what  is  now  the  North  Channel— a  conclusion  which 
seems  probable  from  the  great  variety  of  the  quartzites.  Pebbles 
and  angular  fragments  of  Carboniferous  rocks  are  common  and 
cannot  have  come  any  great  distance,  and  it  seems  probable  that 
much  of  the  sand  came  from  the  same  source. 

The  rounded  seed-like  grains,  like  blown  sand,  have  been  suggested 
as  indicative  of  desolate  wastes,  though  this  would  only  apply  to 
the  early  part  of  the  Bunter,  and  nothing  is  really  known  of  the 
condition  of  the  land  bounding  the  supposed  Triassio  river,  or  of 
the  source  of  the  sand.  The  large  smooth  grains  supposed  to  have 
been  rounded  by  the  w\wd  wc©  ^\x%\.  «&  \\\l^V3  to  have  been  worn  by 
water,  on  account  of  iWu  \aTg^  «vl^* 
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The  Eeuper  formation  consists  of  beds  of  sandstone  and  marl, 
d  the  lower  part  is  sometimes  so  like  the  Pebble-beds  of  the 
inter  that  it  is  difficult  to  distinguish  one  from  the  other  in  the 
senoe  of  an  extended  section,  showing  the  relative  position  of 
9  formations. 

The  Eeuper  has  fewer  pebbles,  but  thicker  beds  of  shale  and 
irL  I'he  general  opinion  is  that  it  was  deposited  in  a  series  of 
ces,  for  no  fosnils  indicating  marine  conditions  have  been  found, 
d  locally  only  a  few  land-plants  at  Flaybrick  and  Storeton. 
lere  were  shores  or  banks  of  sand  and  clay,  and  the  occurrence 

ripple-marks,   rain-marks,   sun-cracks,   worm-tracks,  and   foot- 
ints  indicate  changes  that  might  be  expected  in  such  situations. 
In  the  Red  Marl  there  is  abundant  evidence  of  a  salt-lake  or 
pon,  and  the  continuous  evaporation  is  obvious  from  the  thousands 

pseudomorphic  crystals  of  chloride  of  sodium  that  cover  the 
rfaoes  of  shaly  beds  in  the  lower  portion,  while  in  Central 
leshire  thick  beds  of  rock-salt  afford  evidence  of  the  entrance  of 
k-water  and  the  subsequent  precipitation  of  the  salt.  These 
iditions  must  have  continued  for  a  long  period,  and  it  is  quite 
Bsible  that  the  surrounding  country  may  have  been  of  the  desert 
stracter  that  some  geologists  suppose,  though  there  seems  very 
tie  to  support  such  a  conclusion. 

The  whole  of  the  Triassic  strata  were  deposited  in  a  subsiding 
>a,  but  there  is  no  reason  to  suppose  that  the  water  was  deep,  for 
3  frequent  presence  of  current- bed  ding  indicates  shallow-water 
iditions.  It  may  be  remarkable  that  subsidence  should  accompany 
position,  but  if  there  were  no  subsidence  it  is  difficult  to  conceive 
w  deposits  of  great  thickness  could  be  formed  in  lakes  or  near 
)  land,  for  the  sediment  would  be  spread  further  out  over  the 
illow  sea-bottom.  Dr.  C.  Ricketts,  F.G.S.,  is  of  opinion  that  the 
nreasing  weight  of  the  sediment  is  the  cause  of  the  subsidence, 
t  it  is  just  as  easy  to  suppose  that  where  a  great  thickness  of  strata 
3ur8,  it  is  in  consequence  of  a  long-continued  subsidence  from 
me  other  cause  which  i-endered  the  great  accumulation  possible. 

• — On  the  Nature  and  Origin  of  the  Banded  Structure  in  the 

SoiilSTS  AND  other  RoCKS  OF  THE  LiZARD  DiSTRIOT. 

By  Alexander  Sumbrvail.  Esq. 
Introduction, 

N  my  last  communication.  "  On  the  Schists  of  the  Lizard  District," 
published  in  this  Magazine  for  April,  which  was  meant  as 
sparatory  for  the  present  paper,  my  object  was  to  show  that  the  rocks 
own  as  the  "  talco- micaceous,"  "  hornblendic,"  and  "granulitic" 
3ups  were  of  true  igneous  origin,  also  plutonic  ?  and  had  been 
•med  out  of  a  common,  but  complex  magma,  and  that  all  of 
5se  groups  were  made  up  of  rocks  differing  widely  from  the  types 
each  of  them,  which  in  some  instances  were  seemingly  due  to 
ferenoes  in  the  rate  of  cooling,  and  to  chemical  a^ti\\.^  \  wA  ^^\. 
\\n  in  other  instances  to  subsequent  inec\iaii\c«\  TSiQ'swawD^&  ^x^^ 
ware  daring  or  after  consolidation. 
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Althoagh  I  proTisionally  oanoelled  one  of  these  tbree  groaps,  tk 
"  taloo-micaceous,"  my  doing  80,  as  J  then  stated,  would  not 
materially  affeot  the  reasoning  in  that  paper,  neither  will  it  do  io 
in  the  present,  even  if  I  should  be  wrong  on  this  point 

The  gist  of  some  of  my  remarks  was  also  meant  as  introdnotoiy 
to  an  attempt  in  the  present  paper  to  show  that  the  origin  of  the 
banded  structure  pervading  certain  of  these  Lizani  rocks  might  bo 
explained  on  the  ground  of  segregation,  before  or  during  the  cooling 
of  the  common  magma  out  of  which  they  seemingly  had  been  formed, 
llie  fact  alone  of  this  magma  giving  rise  to  such  a  diversity  of  rocks 
which,  although  in  certain  parts  of  the  field  isolated  from  each 
other,  are  yet  in  other  parts  not  only  associated  and  blended  together 
in  a  somewhat  massive  way,  but  in  other  districts  are  mingled  with 
each  other  on  a  much  smaller  scale,  and  with  a  greater  degree  of 
symmetry,  so  as  to  pass  by  easy  transition  into  what  is  properly 
termed  the  banded  structure.  These  facts  alone  of  themselves  seem 
to  supply  an  intelligible  basis,  or  starting- ])oint,  for  an  explanation  of 
this  phenomenon — of  course  confining  the  term  "banded  *'  to  those 
more  strictly  symmetrical  portions  of  this  structure  now  to  be 
described. 

I.  Nature  of  thb  Banded  Stbuoture. 

Although  this  paper  is  principally  confined  to  the  banded  struc- 
ture in  the  rocks  included  in  the  triple  or  double  group  of  schists 
and  rocks,  it  may  yet  embrace  all  the  other  rocks  of  the  area,  as 
all  of  these  are  more  or  less  banded  in  one  form  or  another,  and 
the  same  explanation  seems  to  me  to  serve  for  the  whole,  in  the 
wide  and  proper  sense  of  the  term. 

In  the  double  group  of  schists  (and  rocks),  viz.  the  ''granulitic*'  and 
**  hornltlendic  "  (between  which  1  have  divided  the  talco-micaceous) 
are  rocks  with  a  wide  variation  in  their  banded  structures,  especially 
in  the  granulitic  group.  In  this  group  it  assumes  many  different 
forms,  ranging  from  well-defined  banding  of  a  more  or  less  regular 
and  persit^tent  horizontal  type,  to  highly  irregular  bands  thinning  and 
swellinrr  out  again.  At  other  times  the  hands  are  lenticular  and  run 
in  an  oblique  direction,  and  even  the  materials  which  form  the  banding 
in  the  base  of  the  rock  are  sometimes  found  in  isolated  patches 
without  any  visible  connection  between  them.  General  McMahon 
has  given  a  very  succinct  description  of  the  Imnding  in  this  group 
which  is  as  follows  :  "  The  rocks  of  this  group  are  usually  spoken 
of  as  a  banded  group,  and  appearances  often  support  the  idea  that 
the  quasi-banding  is  a  regular  banding  parallel  to  the  bedding. 
When  the  eye  of  the  observer  becomes  accustomed  to  tliese  rocks, 
however,  the  banding  is  seen  to  be  extremely  irregular  in  character. 
Not  only  do  some  of  the  bands  dwindle  into  strings  and  die  out  in 
the  direction  of  their  length,  but  they  inosculate,  bifurcate,  and 
entangle  themselves  into  a  complicated  network  of  meshes,  and 
they  swell  in  places  into  broad  lacunsB,  which,  in  their  turn,  throw 
off  fin e  vei n  8  i  n  all  d ir ecl\ows.  ^v ^xv  viV\^i[^  th^se  ban d s  are  apparent  ly 
moBt  regular,  they  w\\\  ollen\>^  lo\m^,^\i^\i.^^^Hi^^\s.^^\«i\j(iiJ^^ 

like  injections." 
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My  own  observations  on  the  nature  of  the  banding  I  shall  now 
give  from  a  few  typical  localities,  copied  from  notes  as  I  made  them 
on  the  spot. 

Kennack. — The  banded  granulitic  rooks  here  consist  of  a  dark 
basio,  or  diorite  portion,  and  an  acid  or  granitic  one  which  greatly 
predominates,  varying  much  in  texture  and  composition,  ranging  in 
colour  through  pinkish-white  or  grey,  to  pale  red,  dark  red,  and 
brown.  Sometimes  these  acid  or  felspathic  bands  are  themselves 
banded  with  paler  and  darker  portions  of  their  own  composition,  thus 
forming  a  distinct  inter- banding  of  their  own.  Sometimes  the  lines 
of  demarkation  between  the  diorite  and  granitic  bands  are  of  the 
most  perfect  nature,  but  this  is  not  always  so,  as  they  frequently  pass 
over  into  each  other  by  the  finest  gradations.  Besides  the  inter- 
mingling of  both  of  these  rocks  in  the  dykes  cutting  the  serpentine 
of  the  cliff  here,  I  have  noted  the  fourth  dyke  west  from  Kennack  as 
exhibiting  a  good  example  of  banding  in  a  dyke.  The  first  dyke  is 
also  a  good  instanca 

Caerieon  and  Little  Coves, — In  both  of  these  coves  banded 
granulitic  rocks  occur,  llie  most  notable  feature  is  at  Little  Cove, 
where  there  is  a  type  of  the  granulitic  not  of  a  very  granitic  texture, 
of  a  reddish  colour,  rather  slightly  and  confusedly  banded,  not  by 
dark  diorite  bands,  but  by  paler  and  darker  shades  of  red  of  similar 
composition  to  its  base.  South  of  Caerieon  Cove  there  are  pale 
felspathio  varieties  banded  with  still  paler  bands  of  felspar.  Both 
of  these  varieties  occur  elsewhere. 

Kildown  Cove. — Here  there  are  great  masses  of  reddish  granulitic 
rock  without  any  banding  whatever,  which,  however,  at  some 
distance  off  becomes  dioritic  and  banded  in  the  usual  way.  Here 
is  the  rudely  circular  mass  of  rock  already  referred  to,*  made  up  of 
the  concentric  layers  of  diorite  and  granulitic,  with  the  latter  for  its 
centre. 

Flagstaff  Quarry,  Kildovm  Point. — The  banded  structure  can  here 
be  studied  in  many  of  its  varieties.  The  banding  in  places  is  of 
a  regular  and  persistent  character,  fining  down  to  alternate  parallel 
lines  of  dioi  itio  and  granitic  minerals  as  thin  as  a  sheet  of  paper,  or  in 
broader  bands  composed  of  hornblende  and  felspar  mingled  together. 
Highly  irregular  and  lenticular  banding  also  occurs,  and  in  some  of 
the  diorite  bands  are  small  elliptical  masses  of  the  granitic  portion, 
quit«  isolated  from  each  other.  At  the  top  of  the  quarry  where  these 
rocks  may  be  seen  (seemingly)  cutting  through  the  serpentine,  the 
banded  structure  is  still  traceable,  but  on  a  smaller  scale,  and  much 
more  confused,  the  mass  of  the  rock  also  being  modified  from  its 
contact  with  the  serpentine. 

The  Balk. — Here  the  banded  "granulitic"  rocks  are  in  great  force, 
consisting  principally  of  the  acid  and  felspathic  type,  the  dioritic 
portions  being  very  subordinate  in  comparison  to  the  other.  These 
quartzo-felspathic  and  granitic  rocks  are  highly  banded,  not  so  much 
with  bauds  of  diorite  as  with  portions  of  their  own  compositiow  ^C 
various  textures  and  colours,  according  as  tV\e^  con^v^X*  ol  I^v^ax 

'  Gbol.  Mao.  Vol.  VII.  p.  166  ^\ft90V 
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more  or  leM  pore,  or  mixed  witb  qaartx,  more  or  lets  granitic ;  the 
paler  shades  consisting  of  the  former,  the  darker  of  the  latter. 

Treleaae  Moor, — The  rocks  here,  which  I  referred  to  in  my  last 
paper  as  rising  through  the  serpentine,  and  as  formed  of  aevenl 
distinct  varieties  of  rook,  ranging  between  the  dioritio  and  grsnitio 
types,  I  have  found  in  a  reoent  visit,  also,  to  be  meet  distinotly 
banded,  the  granulitio  bands  passing  gpradually  into  the  more  bano 
portion  of  the  rock. 

Although  the  banded  stnioture  exists  in  the  granulitio  rocks  on  the 
south  coast,  near  the  Lizard  Head,  and  in  the  outlying  reefs,  and 
at  the  Yellow  Cam,  also  on  the  west  ooast  at  Oeorge's  Cove,  yet  it 
presents  no  special  features  beyond  what  baa  already  been  noted  in 
the  foregoing  localities. 

In  the  *'  hornblende  "  group  the  banding  is  of  a  muob  less  complex 
character,  the  bands  of  whatever  minerals  they  may  be  composed 
having  as  a  rule  a  linear  arrangement  They  generally  consist  of 
alternations  of  felspar  and  hornblende,  the  latter  more  pure  and 
granular  or  crystalline  than  the  base  of  the  rock,  the  former  also 
differing  much  in  its  exemption  from  other  minerals,  and  likewiae  in 
its  colours.  The  felspar  bands  are  not  always  uniform  and  panlleL 
but  frequently  occur  in  lenticular  patches,  and  display  other  irre- 
gularities. In  thickness  they  vary  from  the  thinness  of  a  sheet  of 
paper  up  to  bands  of  a  couple  of  feet  or  more  as  at  Geoige's  CoTe. 
lliere  are  also  numerous  bands  of  epidote,  but  they  are  only  to  be 
regarded  as  an  alteration  product  of  the  hornblende.  Besides  the 
parallel  banding  in  the  hornblende  group  there  is  another  type  of 
less  regular  banding,  gradually  becoming  more  so  until  the  arrange- 
ment of  the  bands  are  lenticular  and  the  rock  in  appearance  like 
a  well- foliated  gneiss. 

I'hese  gneissose  rocks  can  be  studied  at  the  base  of  the  old  Lizard 
Head,  and  the  outlying  rocks ;  also,  in  those  of  the  Dranna  rocks 
which  lie  immediately  off  Porthkerris  Point,  east  of  Porthallow.^ 
Others  of  a  similar  nature  have  been  described  by  Mr.  Howard  FoXt 
on  the  fore-shore  south  of  Ogo  Dour  Cove.' 

II.  Origin  of  the  Bandbd  Structure. 

It  is  a  remarkable  fact  that  all  the  great  distinctive  varieties  of 
rock  in  the  Lizard  district  exhibit  more  or  less  of  a  banded  structure. 
As  is  well  known,  it  is  present  in  the  gabbro,  and  even  the  serpen* 
tine  is  not  free  from  it'  A  good  example  of  very  distinct  banding 
may  be  seen  in  the  green  serpentine  of  Rildown  Cove,  and  I  have 
noted  a  similar  banding  in  other  localities,  over  and  above  the 
distinct  thin  layers,  or  bands  of  nearly  pure  hornblende  which 
traverse,  even,  the  true  serpentine  as  at  Gue  Graze. 

^  The  fnieimic  rocko  from  both  of  these  areas  were  shown  me  by  Mr.  Howard  FoXt 
F.6.S.     In  thn  latter  locality  I  would  not  have  suspected  them  to  occur. 

'  Junction  of  the  Hornblende  Schist,  etc..  Trans.  Boy.  GeoL  See.  of  CornwaHf 
1889,  vol.  xi.  part  iv.  p.  -21^. 

^  Fifie  paper  by  Mr.  Uutie^,  Ttw». 'Ro^.^ftQV^*wi.^«Wk.»^^»vL.^sit  4, 
pp.  2;i9-24l. 
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The  origin  of  the  banded  structure  in  the  '<  grannlitic "  and 
*' hornblende "  group  of  rocks  in  this  district  has  been  accounted 
for  in  three  separate  ways  by  sedimentation,  deformation,  and  by 
injection. 

Sedimentation, — Tliis  explanation  was  very  naturally  and  con- 
sistently given  by  Prof.  Bonney  on  the  ground  of  the  rocks  being 
thought  by  him  to  be  of  sedimentary  origin.  There  are,  however, 
certain  arrangements  in  the  banded  structure  of  the  '*granuIitio" 
group  which  no  false  bedding  could  produce,  or  even  simulate, 
niiese  arrangements  of  structure  I  have  already  given  as  quoted 
from  General  McMahon,  and  I  have  myself  also  noted  other  appear- 
ances such  as  the  numerous  fine  thread-like  processes  and  broader 
ones,  which  cross  at  various  angles  from  the  one  band  to  the  other. 

If,  on  the  other  hand,  these  rocks  are  of  igneous  origin — as  I 
believe  them  to  be — then  we  must  seek  for  some  other  cause  to 
explain  their  banding,  even  allowing  that  some  of  them  were 
originally  ashes,  altered  and  deformed  by  subsequent  dynamical 
causes. 

Deformation. -^Mt.  J.  J.  H.  Teall,  M.A.,  F.R.S.,  F.G.S.,  has 
advanced  this  theory  and  has  applied  it  both  by  observation  and 
experiment  in  a  clear  and  able  manner.  He  regards  a  large  portion 
of  the  rocks  at  least  forming  the  '  granulitio'  group  as  a  complex  of 
igneous  rocks  partly  dioritic  and  granitic,  deformed  by  dynamic 
causes,  during,  or  subsequent  to  their  consolidation.  This  theory 
(if  I  mistake  not)  not  only  pre-supposes,  but  points  to  the  existence 
of  heterogeneous  masses  of  these  rocks  in  the  field  which  were  the 
raw  materials  out  of  which  the  banded  structure  was  wrought  by 
subsequent  dynamic  agencies,  which  kneaded  them  more  completely 
together,  and  produced  the  secondary  results  of  banding  as  now 
exhibited.  If  this  theory  is  confined  to  the  mere  mechanical 
movement  of  the  rocks  without  the  aid  of  their  partial  re-fusion 
and  the  consequent  effect  of  chemical  agency,  it  seems  to  me 
very  hard  to  explain  much  of  the  phenomena  presented  by  the 
banding  as  we  see  it  in  the  field.  The  subsequent  movements 
might,  and  I  believe  do  account  for  much  of  the  eccentricities 
exhibited  by  the  coui-se  of  the  bands,  such  as  the  flexures  and 
zig-zag  features  occasionally  observed,  along  with  other  signs  of 
deformation,  which  has  modified  but  not  produced  this  structure. 
This  theory  also  seems  to  account  for  the  quasi-banding  in  portions 
of  the  **  hornblende "  group,  such  as  the  thin  deposits  of  fel8par, 
epidote,  etc.,  developed  between  the  cleavage-planes  of  the  schistose 
varieties  of  these  rocks,  but,  to  account  for  the  normal  or  true  band- 
ing when  it  does  occur,  it  seems  almost  powerless. 

The  principal  objections  to  this  theory  presenting  themselves  to 
my  own  mind,  as  far  as  the  "granulitic  group  **  is  concerned,  are  as 
follows : — 

1.  The  seeming  inability  of  deformation  to  produce  out  of  an 
igneous  complex  the  symmetry  frequently  prevailing  in  the  banded 
structure.     This  symmetry  consists  of  the  vet^  p«kx«\\^  «rc«s\%«tev»T^. 
of  the  variouB  bands  exhibited  in  some  looalitVea;  oxi^X^^Aoii  ^\Qx^^^A 
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and  another  of  gninnlitic  materials  alternating  with  each  other,  often 
with  much  nniformity,  in  their  respeotiTO  thiokneesea,  and  this  too 
continued  over  oonriderable  areas. 

2.  lliis  theory  does  not  explain  the  frequent  transition  of  theie 
bands  into  each  other,  which,  although  comparatiTcly  distinct  and 
well-defined  from  each  other  in  some  areas,  and  portiona  of  the  same 
mass  of  rock,  are  nevertheless,  in  others,  marked  by  a  passage  of 
their  mineral  constituents. 

3.  The  theory  does  not  explain  the  banding — moat  ftequently 
parallel — in  those  masses  of  nearly  homogeneous  granulitio  rocki, 
where  the  banding  is  entirely  made  up  of  the  slightly  varying  qnartzo- 
felspatbic  mineral  constituents  which  form  them,  and  not  of  the 
widely  contrasted  bands  of  dioritio  and  granulitio  minerala;  theee 
rocks  not  coming  under  what  is  designated  as  an  igneoua  oomplex. 

Injection. — This  theory  has  been  adyaiiced  by  General  MoMahon 
more  particularly  to  account  for  the  banding  in  the  ''granulitio" 
group,  a  group,  as  already  stated,  considered  by  him  to  be  made  op 
of  volcanic  ashes  and  lavas,  into  which  have  been  intruded  dioritee 
and  subsequently  other  porpbyritio  diorites,  and  by  granites  still  later, 
each  in  its  turn  injecting  the  other.  It  is,  however,  to  the  last  of 
these,  the  injection  of  the  granite,  that,  according  to  Qeneral  MoMahon, 
the  banding  is  due,  or  mainly  due,  at  least  it  is  made  the  prominent 
factor  in  his  explanation.  He  remarks  that,  <'  the  prooees  of  injection 
was  doubtless  aided  by  the  partial  plasticity  of  the  dioritio  rocks— a 
plasticity  induced  probably  by  the  neighbourhood  of  igneous  masses, 
for  it  seems  to  have  been  local  in  its  development.  It  would  also 
have  been  aided  in  the  case  of  consolidated  ash-beds — especially  in 
submarine  ash-beds — by  the  planes  of  sedimentation,  and  in  the  case 
of  diorite  intruded  as  sheets  by  the  foliation  developed  in  a  direction 
parallel  to  the  bedding.  The  existence  of  such  planes  of  weakness 
would  explain  why  the  injected  granite  displayed  a  tendency  to 
follow  lines  parallel  to  the  bedding,  and  in  doing  so  produced  the 
superficial  appearance  of  banding." 

This  explanation  of  General  McMahon's  certainly  much  better 
meets  the  difficulty  or  objection  just  urged  against  Mr.  Teairs 
views,  which  afford  no  explanation  of  the  symmetry  of  the  banding, 
to  which  attention  was  drawn ;  indeed,  according  to  the  theory  of 
the  latter  (if  I  understand  it  aright),  it  would  be  entirely  destructive 
of  this  parallel  or  symmetrical  structure,  and  not  the  cause  of  it. 

As  a  whole,  however,  the  **  injection "  theory  seems  to  me  to 
fail  even  in  the  one  direction  in  which  it  has  been  applied,  while 
it  offers  no  adequate  explanation  of  the  banded  structure  in  a 
general  sense. 

To  whatever  cause,  then,  the  banded  structure  may  ultimately  be 
assigned,  I  think  it  sufficiently  clear  that  all  of  these  three  modes 
of  explanation  completely  fail  when  applied  to  these  Lizard  rocks. 
First,  the  sedimentary,  because  it  is  at  once  negatived  by  the  igneous 
origin  of  the  rocks  in  question,  no  tuffs  as  yet  having  been  reoog- 
nized.  Second,  the  deVoTu\a\\o\i  \i>Di^or;3,  \i^iaa.w%^  \i  wever  could 
produce  the  linear  arrangemeul  ot  ^^x«XV^  %VtwRX\a^  ^^^  ^\A\s. 
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in  both  (what  I  may  term)  the  heterogeneous  and  homogeneous 
graniilitic  masses.  Although  I  must  admit  such  an  arrangement 
can  (to  a  certain  extent)  be  produced  by  pressure  exerted  on  days, 
as  described  by  Mr.  Teall,  by  artificial  means,  but  not  to  meet  all 
the  facts  as  presented  in  the  field.  Third,  the  injection  theory, 
because  even  in  the  solitary  instance  in  which  it  can.  be  applied, 
the  parallel  bands  of  diorite  and  granite  show  no  decided  signs  of 
intrusion  into  each  other. 

III.  Dus  TO  Segregation. 

The  only  theory  which  to  my  mind  seems  to  explain  the  banded 
stnicture  in  these  Lizard  rocks  is  segregation.  (By  this  term  I 
mean  the  separation  of  the  unlike,  and  the  union  of  like  mineral 
constituents  taking  place  during  their  cooling.)  It  seems  to  me  to 
satisfy  all  the  difierent  aspects  of  their  banded  structure ;  and  these, 
as  already  stated,  present  a  considerable  variety  of  more  or  less 
distinct  types,  some  of  them  so  palpably  due  to  this  cause  that  in 
my  field  notes,  made  during  a  number  of  years,  I  have  again  and 
again  the  word  ''segregation  "  written  against  the  description  of  these 
banded  rocks. 

If  I  can  succeed  in  showing — as  attempted  in  my  former  paper — 
that  the  varieties  of  dioritic  and  granulitic  rocks  were  differentiated 
out  of  a  common  magma,  then  it  would  seem  to  follow  that  such 
a  separation  on  a  smaller  and  less  perfect  scale,  under  conditions 
to  which  the  term  segregation  might  be  more  properly  applied, 
would  produce  such  a  result  as  the  banding  in  all  its  varied  aspects. 

The  proofs  already  given  of  such  a  separation  need  not  here  be 
again  recapitulated;  but  to  those  proofs  might  be  added  the  fact 
mentioned  by  Mr.  Howard  Fox  and  myself  in  a  joint  paper  *  that 
the  homblendic  and  felspathic  lines  circle  round  the  porphyritio 
crystals  of  felspar  in  the  dark  or  dioritic  bands  of  the  granulitic 
series.  These  lines  must  have  so  arranged  themselves  after  the 
cooling  of  the  felspar  forming  these  crystals,  which,  besides  being 
an  excellent  proof  of  the  segregation  of  these  mineral  constituents 
from  the  common  magma,  is  also  a  convincing  one  of  the  igneous 
origin,  and,  let  me  add,  also  of  the  plutonic  origin  of  these  rocks. 

Besides  these  facts,  I  have  already  drawn  attention  to  others 
bearing  out  the  important  part  that  segregation  has  played  in  these 
Lizard  rocks,  in  my  short  paper  "  On  the  Greenstone  and  Associated 
Bocks  of  the  Manacle  Point,"'  which  seems  to  afford  the  only 
possible  explanation  of  that  area. 

Still  further,  in  my  last  communication,  already  referred  to  (p.  166), 
I  drew  attention  to  a  concretionary  mass  of  granulitic  rock  at  Eil- 
down  Cove  composed  of  concentric  layers  of  dioritic  and  granulitic 
minerals,  which  is  simply  the  banded  structure  in  a  rudely  circular 
form  produced  by  segregation.  This  mass  is  certainly  not  the 
product  of  an  original  and  an  intruding  member,  but  clearly  the 

»  Gbol.  Mao.  Dec.  III.  Vol.  Y.  p.  IT. 
'  Qmol.  Maq.  Dec.  111.  Vol.  Vl.  i^.  \U. 
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prodiKt  of  ooe  cooling  mmm  amngiag  mad  mefmntiag  itelf 
distinct  \mjen  9M  before  described. 

An  excellent  instance  of  whst  I  regnd  as  ■egrvgntioa 
in  tbe  bornblende  i^roop  maj  be  studied  in  a  large  bovlder 
in  th^  small  ootc  immediately  to  the  west  of  Lower  Balk  Setpca- 
tine  Quarry.  This  mass  presents  a  paralld  banded  strvetne  maik 
np  as  follows.  There  are  broad  and  narrow  banda  of  nearly  pais 
pale-coloored  felspar  alternating  with  thinner  banda  of  neailf  pas 
dark  hornblende  more  cnrstalline  than  the  base  of  the  rock.  Whil 
jrxrks  at  a  little  distance  like  other  broad  banda  of  the  pale  fdspsr 
are  found  on  closer  inspection  to  be  made  np  of  Teiy  thin  depositi 
of  that  mineral  set  closely  together,  H>me  of  which  are  not  penisteat 
for  a  small  space,  bat  sre  sgain  continued  without  any  interraptioa 
in  their  parallel  course.  At  intervals  along  with  these  are  hands  of 
varying  width  of  the  ordinary  hornblende,  some  of  which  are  higUy 
poqihyritic,  the  long  axis  of  the  felspar  crystals  being  paialld  to 
each  other,  and  in  the  direction  of  the  bands  tbemselvea.  as  if  thst 
mineral  in  places  was  not  safficiently  abundant  to  be  drawn  out  into 
the  form  of  continuous  bands. 

All  these  varieties  of  banding  in  this  one  mass  of  the  hornblende 
series  was  most  convincing  to  my  mind  that  the  felspar  had  arrsngpd 
itself,  as  also  the  more  crystalline  hornblende,  by  segregation  daiiog 
cooling. 

Some  of  the  difficulties  in  the  way  of  an  explanation  of  the  banded 
structure,  pointed  out  by  General  McMahon,  such  as  where  in  some 
inHtances  the  bands  **  inosculate,  bifurcate  and  entangle  themselves 
into  a  complicated  network  of  me8he8,"  and  in  other  cases  given  by 
myself  where  filaments  or  tbread-like  processes,  and  broader  strings, 
cross  at  varioas  angles  from  one  band  to  another,  are  all  readily 
enough  explained  on  the  grounds  of  segregation  while  the  mass  of 
the  rock  was  in  a  molten  or  plastic  state,  admitting  of  the  various 
movements  of  its  several  constituents. 

I'he  banded  structures  in  the  gabbro  and  serpentine  are  equally 
well  accounted  for  by  segregation,  while  on  the  ground  of  deforma- 
tion it  is  barely  possible,  more  especially  in  the  latter  rock. 

lY.   CONOLUDIKO  BkMARKS. 

Although  we  are  quite  unaided,  as  far  as  I  am  aware,  by  the 
results  of  any  experiments  such  as  might  be  made  by  melting  the 
baHic  and  acid  rocks  together,  as,  for  example,  diorite  and  granite, 
and  allowing  the  molten  magma  slowly  to  cool  again,  in  order  to 
ascertain  what  arrangement  its  several  constituents  might  take, 
effected  no  doubt  by  their  different  cooling  points,  chemical  affini- 
ties, and  specific  gravities,  still,  we  can  infer  from  reflection,  and 
from  certain  rocks  presented  to  our  observation  in  tbe  field,  that 
under  certain  conditions,  such  as  unequal  and  different  rates  of 
cooling  of  the  various  mineral  constituents,  abnormal  forms  of 
crystallization  would  arise.  That  these  and  other  conditions  would 
produce  various  Btructutea  %\\c\\  «i^  V)ck«k  ««^^\^V\qiti  b^  ^^regation  of 
the  various  mineralB  in  maas^a  ol  TSiot^  w\^iaa  ^W^\3c^  vcx%s:w^t&!sc&. 
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18  quite  apparent.  The  parallel  or  banded  struoture,  a  priori,  would 
be  as  likely  a  one  as  any. 

Dr.  Sterry  Hunt,  in  contributions  to  the  American  Journal  of 
Science  for  March  and  July,  1864,  gives  several  instances  of  banding 
in  rocks  which,  according  to  his  own  descriptions,  seem  to  me  to  be 
due  to  segregation.  Describing  a  granitoid  dolerite  at  Mount  Royal, 
he  says  it  consists  of  *'  Mixtures  of  augite  with  felspar  in  parts  of 
which  the  felspar  predominates,  giving  rise  to  a  light  greyish  rock. 
Portions  of  this  are  sometimes  found  limited  on  either  side  by  bands 
of  nearly  pure  black  pyroxenite,  giving  at  first  sight  an  aspect  of 
stratification.  The  bands  of  these  two  varieties  are  found  curiously 
contorted  and  interrupted,  and  seem  to  have  resulted  from  move- 
ments in  a  heterogeneous  pasty  mass,  which  have  efifH)ted  a  partial 
blending  of  an  augitic  magma  with  another  more  felspathic  in  its 
nature."  In  another  communication  by  the  same  author  to  the 
Boston  Society  of  Natural  History.  January  7th,  1874,  he  describes 
an  eruptive  diorite  from  Lambertville,  New  Jersey,  *'  which  is  con- 
spicuously marked  by  light  and  dark  bands  due  to  the  alternate 
predominance  of  one  or  the  other  of  the  constituent  minerals."  The 
same  author,  again,  in  his  *' Chemical  and  Geological  Essays" 
(Granites  and  Granitic  Vein-stones),  gives  instances  of  a  banded 
structure  in  granites,  and  granitic  dykes.  All  of  which  instances 
can  only  be  explained  I  think  by  segregation. 

While  regarding  what  1  would  terra  the  normal  or  true  bsnding 
as  of  segregation  origin,  I  do  not  wish  to  overlook  what  1  myself 
believe  to  be  a  fact,  viz.  that  certain  types  of  the  banding  in  some 
of  these  Lizard  rocks  are  due  to  subsequent  causes,  the  product 
of  severe  mechanical  pressure  or  crushing.  Such  banding,  or 
perhaps  more  properly  speaking,  foliated  structure,  as  occurs 
among  some  of  the  hornblende  schists,  and  also  in  certain  portions 
of  the  gabbro,  I  think  may  be  due  to  this  cause ;  but,  after  all,  this 
is  still  the  product  of  segregation,  secondary  segregation  we  may 
call  it,  produced  by  the  heat  being  sufficiently  great  to  admit  of 
partial  fusion,  and  of  certain  of  the  minerals  in  a  greater  or  lesser 
degree  to  re-arrange  themselves.  Under  these  circumstances 
secondary  segregation  would  seem  to  me  to  give  rise  much  more 
readily  to  certain  forms  of  lenticular  foliated  structure,  rather  than 
to  the  parallel  banded  structure  proper,  which  1  think  is  due  to 
original,  or  primary  segregation,  while  the  rock  was  in  a  complete 
state  of  fusion. 

There  are  other  forms  of  what  might  be  spoken  of  as  banding, 
which,  however,  are  only  pseudo-bands  which  seem  merely  due  to 
the  development  of  secondary  or  alteration  products  between  the 
planes  of  cleavage,  such  as  are  frequently  met  with  in  the  horn- 
blende schists.  These  and  certain  other  similar  types  more  properly 
fall  under  the  term  cleavage  foliation,  rather  than  under  that  of 
banding. 
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Y.^SUGOKSnOHS  OV    S1TS8    FOR    OoAIrBKAmCH   Ul    TR«    SoUTB  BaR 

OF  Emolamd.^ 
By  W.  WuiTAUB,  B.A.,  F.R.8.,  F.6.8. 

THE  genend  question  of  the  rite  of  older  rocks  beneath  tte 
Cretaceous  beds  of  south-eastern  England  is  now  so  fiuniliar  to 
geologists  that  there  is  no  need  to  discuss  it  here  :  it  is  enough  to 
note  that  the  Secondary  beds  (beneath  the  Gault)  thin  northward 
for  many  miles,  from  the  axis  of  the  Weald.  The  practical  applics- 
tion  of  our  knowledge  of  the  subject  is  however  in  its  infancy,  and 
our  knowledge  stops  short  at  the  Wealden  axis ;  for  we  do  not  know 
what  happens  south  of  it. 

Having  regard  to  the  great  expense  of  making  the  deep  trial- 
borings  that  would  be  needed  in  the  search  for  coal  in  thia  distrioti 
it  is  clearly  well,  as  far  as  possible,  to  select  sitea  where  a  good 
amount  of  the  work  has  been  already  done.  The  object  of  this  note 
is  to  point  ont  that  there  are  such  sites,  and  that  they  are  &yourabIy 
placed  for  the  search. 

These  sites  will  be  noticed  beginning  at  the  sonth-east,  near  tho 
only  place  where  coal  has  yet  been  proved  in  the  lai^e  tract  in 
queation,  and  working  thence  weetward  and  northward. 

1.  Saint  IfargareU,  About  4^  miles  north-eastward  of  the  boring 
that  has  shown  the  preeenoe  of  coal  underground  near  Dover,  it  s 
trial-boring,  made  by  the  former  Channel  Tunnel  Co.,  which  readies 
the  Gault  at  the  depth  of  548  feet  Presuming  that  the  beds  beneath 
are  the  same  as  at  Dover,  a  further  depth  of  say  about  900  feet  (in 
the  absence  of  precise  information)  would  be  needed  to  show  whether 
coal  is  present  or  not ;  but  as,  on  the  southern  side  of  the  London 
Basin,  the  thinning  of  the  beds  between  the  Gault  and  the  older 
rocks  is  in  a  northerly  direction,  we  should  expect  that  there  would 
be  less  of  these  beds  at  St  Margarets  than  at  Dover. 

It  is  remarkable  that  whilst  at  the  Dover  trial-boring  no  Wealden 
beds  were  found,  another  boring,  at  the  Convict  Prison,  a  little  to 
the  north-east,  seems  to  have  reached  beds  of  that  age,  at  the  depth 
of  849  feet.  A  continuation  of  this  boring  would  of  course  be  of 
interest,  though  the  site  is  near  that  of  the  successful  trial. 

2.  Chariham,  Some  three  miles  south-westward  of  Canterbury 
another  boring  has  reached  the  same  horizon,  having  touched  the 
Gault  at  the  depth  of  735  feet  and  here  probably  the  beds  betwet'n 
the  Gault  and  the  older  rocks  would  be  much  thinner  than  at 
Dover. 

3.  Chatham.  A  boring  at  the  Dockyard  has  given  us  much  more 
information  than  either  of  the  above,  for  it  has  reached  the  bottom 
of  the  Cretaceous  Series  at  the  depth  of  943  feet,  and  has  been  carried 
22  feet  in  Oxford  Clay.  Seeing  that  at  Dover  all  the  three  divisions 
of  the  Jurassic  Series  are  represented,  and  that  at  Chatham  the  whole 
of  the  Upper  Jurassics  and  part  of  the  Middle  Jurassics  are  absent, 

*  A  paper  read  to  the  Brit.  Assoc,  at  T>eed8,  and  printed  in  the  Yorkshire  Post  (and 
other  newspapers),  and  m  t\\e  Brighton  Magazvne  ^t\AV»r^  1890).  Some  slight 
tLdditioTiA  and  correctionB  are  no^  uiAdA. 
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it  18  olear  tliat  at  the  latter  plaoe  we  have  nnoh  less  of  that  series 
to  contend  with  than  at  the  former.  Moreover,  it  is  likely  that 
the  i-est  of  the  Middle  and  the  Lower  Jurassics  will  share  in  the 
thinning  and  will  he  of  less  thickness  than  at  Dover.  It  seems  to 
me  that  the  Chatham  horiiig  should  certainly  he  continued,  as  a 
deepening  of  a  few  hundred  feet  would  prohahly  show  which  of  the 
older  rocks  there  comes  heneath  the  Secondaries.  Moreover,  the 
site  and  the  land  around  belong  to  Government,  as  also  does  a 
neighbouring  boring,  at  Chattenden,  which  has  reached  the  base  of 
the  Gault  at  the  depth  of  1162  feet;  so  that  a  successful  result 
would  lienefit  the  nation. 

4.  Shoreham  (Kent).  A  well  here,  in  the  valley  of  the  Darent, 
has  gone  26  feet  into  the  Lower  Greensand,  with  a  total  depth  of 
475  feet,  oomparatively  little  (>halk  being  present. 

In  Surrey,  at  Caterham  and  at  East  Horsley,  are  two  borings,  to 
the  same  depth,  874  feet ;  but  whilst  the  former  has  been  carried 
a  little  way  into  the  Lower  Greensand,  the  latter  has  done  little 
more  than  reach  the  Gault.  I  am  inclined,  for  the  present,  to  pass 
these  by,  and  to  turn  to  the  northern  side  of  the  London  Basin,  from 
west  to  east. 

5.  Btishey  (Herts).  A  boring  here  has  been  taken  nine  feet  into 
the  (]kult,  at  the  depth  of  700  feet ;  but,  being  at  a  waterworks  (aS 
also  is  that  at  Caterham),  it  probably  could  not  be  touched.  The 
knowledge  of  what  would  be  found  here  a  few  hundred  feet  further 
down  would  be  very  useful,  and  possibly  less  than  200  feet  would 
reach  the  base  of  the  Secondaries. 

6.  Loughton  (Essex).  Here  a  boring  has  found  water,  apparently 
at  the  base  of  the  Gault,  at  the  depth  of  little  less  than  1 100  feet, 
from  which  one  infers  that  Lower  Greensand  may  have  been 
touched.  It  would  be  well,  however,  for  inference  to  be  supplanted 
by  knowledge. 

We  do  not  know  what  beds  were  found  in  the  bottom  part  of 
another  Essex  boring,  at  Saffron  Walden,  which  reached  to  a  depth 
of  a  little  more  than  1000  feet.  By  inference  they  are  Jurassic,  the 
earlier  accounts  having  given  much  too  great  a  thickness  to  the 
Chalk.     Here  again  inference  is  not  enough. 

7.  Coomba,  near  Stowmarket  (Suffolk).  A  boring,  895  feet  deep, 
has  here  pierced  11  feet  of  Gault.  Judging  from  what  was  found 
at  Harwich,  some  20  miles  S.E.,  it  is  not  likely  that  a  much  greater 
depth  would  be  needed  to  reach  some  member  of  the  older  rocks, 
and,  as  at  Harwich  the  bottom-rock  is  Lower  Carboniferous,  it  is 
to  be  hoped  that  further  work  may  be  done  in  that  neighbourhood. 

The  more  northerly  boring  at  Norwich  is  too  far  from  our  base 
(of  knowledge  already  gained),  and  that  at  Holkham,  near  Wells, 
at  the  northern  edge  of  Norfolk,  is  still  more  so,  besides  being  no 
very  great  distance  from  the  outcrop  of  thick  Jurassic  beds. 

Further  examination  of  our  great  stores  of  well-sections  would 
perhaps  result  in  the  selection  of  many  other  sites  at  which  much 
of  the  work  is  already  done ;  but  in  the  above  T«TSi%.xV%  ot\^  ^"^Oc^ 
horiaga  as  have  been  carried  beneath  the  CbaVk  ate  tq^qxi^^  ^a. 
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A  fall  Aocount  of  the  history  and  literature  of  the  question  of  tlie 
nndergroand  range  of  the  older  rocks  in  the  South  East  of  EnglsiKl, 
especially  as  regards  the  possible  occurrence  of  Coal  Measures,  hai 
been  given  in  lately  published  Geological  Surrey  Memoir,  **Th» 
Geology  of  London  and  of  Part  of  the  Thames  Valley." 
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Cambrian  GoNGLOMRRATBa  in  Britain. 

By  Hbnbt  Hicks,  M.D.,  F.R.S.,  F.0.8. 
(Head  at  British  Associmtion,  1890.) 

OF  late  years  the  Cambrian  Conglomerates  have  reoeiyed  a  ooo- 
siderable  amount  of  attention,  as  it  has  been  shown  that  much 
information  concerning  the  nature  and  condition  of  the  Pre-Cambria& 
rocks  can  be  obtained  by  the  careful  examination  of  the  matoials 
composing  the  conglomerates  in  different  areas.  It  is  evident  that 
rocks  similar  to  the  rolled  fragments  in  the  Conglomerates  must 
have  been  present  in  pre-Cambrian  times  to  yield  these  fragments, 
and  if  in  certain  areas  special  rocks  occur  abundantly  or  otherwise^ 
the  characters  of  the  pre-Cambrian  rocks  in  these  areas  may  be  to 
a  great  extent  determined.  The  Cambrian  Conglomerates  in  Wales 
and  Shropshire  have  been  very  carefully  examined  by  Prof.  Hughes, 
Dr.  Callaway,  and  myaelf,  and  the  materials  collected  have  been 
submitted  to  Prof.  Bonney  and  Mr.  T.  Davies  for  microscopical 
examination.  These  eminent  petrologists  have  from  time  to  time 
described  the  results  of  their  examinations  and  have  shown  most 
conclusively  that  certain  fragmeuts  which  occur  in  the  Conglomerates 
are  in  the  minutest  particulars  identical  with  rocks  which  have  been 
claimed  by  us,  in  the  areas  in  which  the  Conglomerates  occur,  as 
being  of  pre-Cambrian  age.  In  some  areas  the  Conglomerates  have 
been  found  to  be  composed  almost  entirely  of  materials  from  rocks, 
which  can  clearly  be  shown  to  underlie  them,  and  the  special 
characters  recognizable  in  the  rocks  below  are  found  in  the  rolled 
fragments  in  the  Conglomerates  which  rest  unconformably  upon 
them.  I  have  endeavoured  to  indicate  by  a  table  the  contents  of 
the  basal  Cambrian  Conglomerates  in  Britain  in  several  of  the  areas 
where  it  has  been  claimed  that  pre-Cambrian  rocks  are  now  exposed, 
and  an  analysis  of  this  table  is  in  many  ways  very  suggestive.  It 
is  found  that  certain  rocks  occur  in  each  of  the  areas,  whilst  others 
are  limited  to  those  districts  where  special  rocks  are  known  to  charac- 
terize the  pre-Cambrian  series.  In  the  first  column  I  have  given 
the  rocks  which  I  have  collected  in  Pembrokeshire,  and  these  are, 
in  the  main,  very  similar  to  those  which  have  been  oollected  in 
N.  Wales  and  Shropshire.  Those  mentioned  from  Ross  and  Suther- 
land have  either  been  collected  by  myself,  or  are  mentioned  in 
papers  by  the  oflScers  of  the  Geological  Survey.  The  Cambrian 
Conglomerates  near  St.  David's,  Pembrokeshire,  have  perhaps 
received  more  atteul\OT\  W\im.  >i>DLO%«  o^  ^\i^  other  area,  and  the 
notea  furnished  by  Proi*  "Bonw^^  wi^^t,  'Y.  \iw\»^  \{wi^\a.tJi6 
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most  conclusive  manner  that  some  peculiar  granitoid  rocks,  basiiS 
and  acid  volcanic  rocks,  schistose  rocks,  porcellanites,  and  argillites, 
similar  to  those  which  are  found  in  the  pre-Cambrian  axis,  occur  as 
rolled  fragments  in  the  overlying  Conglomerates.  As  these  fragments 
are  now,  in  all  important  particulars,  identical  in  character  with  and 
can  be  shown  to  have  suffered  all  the  mineralogical  changes  which 
the  rocks  from  which  they  were  derived  had  undergone  before  they 
were  broken  off,  it  is  perfectly  evident  that  not  only  must  there 
have  been  a  considerable  lapse  of  time,  separating  the  Cambrian 
from  the  pre-Cambrian,  but  also  that  during  that  interval  the  area 
must  have  been  subjected  to  very  important  physical  changes.  The 
following  places  may  be  mentioned  as  offering  important  evidence 
in  support  of  the  above  views.  At  Ramsey  Island,  and  Treffgam 
in  Pembrokeshire,  at  Bangor,  and  near  Llanberis  and  Bethesda  in 
Carnarvonshire,  where  the  Cambrian  Conglomerates  rest  on  felsites 
and  old  rhyolites,  more  than  three-fourths  of  the  pebbles,  which  are 
frequently  of  very  large  size,  have  been  derived  from  the  imme- 
diately underlying  rocks.  Near  St  David's,  and  at  other  places 
where  the  conglomerates  rest  on  various  altered  volcanic  tuffs,  a 
large  proportion  of  the  pebbles  have  been  derived  from  those  tuffs 
after  they  were  cleaved  and  otherwise  changed  into  their  ^T^«e»Tvt» 
condition.  At  TorthclaiB,  Chanter'a  Seat,  and  YoxV.  1^^^^  Ti%«t 
St  David's  a  large  number  of  the  pebblea  (jxio^vX-j  ol  %\ii^  wm^^ 
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,iind  the  mixture  of  broken  qaarts  and  felspar  of  which  aome  of  the 
beds  are  almost  entirely  oomposed,  could  only  have  been  derived 
.  from  the  underlying  granitoid  rocks  (Dimetian).  Near  Llanfaelog 
i  and  Llanerobymedd  in  Anglesey,  very  large  pebbles  of  the  onder- 
lying  granitoid  rocks  are  abundant  in  the  overlying  CambriaD 
'  Conglomerates  and  at  Twt  Hill,  near  Carnarvon,  the  matrix  and 
'  many  of  the  pebbles  mast  undoubtedly  have  been  derived  from  the 

•  underlying  granitoid  rocks. 

The  so-cal  led  Torridon  oonglomerates  and  aandstonea  in  Boss  and 
Sutherland  contain  abundant  evidences  to  show  that  most  of  the 
'  materials  were  obtained  from  the  rooks  upon  which  they  now  rest, 
'  after  the  latter  had  assumed  their  present  condition. 

The  presence  of  pebbles  of  granitoid  rocks,  qnartzites,  qaariz- 
schists,  etc.,  in  all  the  areas  proves  clearly  that  some  granitoid  rtx^ 
were  exposed  to  denudation  on  a  large  scale  in  many  areas,  in  Terj 
early  pre-Cambrian  times  ;  for  materials  derived  by  denudation  from 
'  the  latter  rocks  must  have  been  formed  into  qnartzites,  poroellanites 
and  schists  (Arvonian  rocks)  in  early  pre-Cambrian  times.  Bj 
subsequent  denudation  these  yielded  pebbles  to  the  newer  pre- 
Cambrian  rocks  (Pebidian)  and  afterwards  to  the  basal  Cambrian 
conglomerates.  I  maintain  therefore  that  the  pre<-Cambrian  rocto 
contain  evidences  of  successive  periods  of  elevation  and  depreaaion, 
and  probably  of  volcanic  activity,  and  that  the  tendency  of  the 
evidence  is  undoubtedly  to  show  that  some  granitoid  rooks,  anch 
as  those  we  have  classed  in  Wales  under  the  name  Dimetian, 
are  amongst  the  very  oldest  of  the  pre-Cambrian  rocks  which  are 
now  found   exposed,  and    that  some   qnartzites,  poroellanites  and 

•  schists  occupy  an  intermediate  position  in  })oint  of  age  between  theM 
granitoid  rocks  and  the  Pebidian  series.  The  pre-Cambrian  periods 
therefore,  which  I  have  defined  by  the  terms  Dimetian,  Arvonian, 
and  Pebidian,  are  easily  recognizable,  and  seem  to  have  succeeded 
one  another  in  that  order. 

In  my  early  papers  I  stated  that  the  Dimetian  granitoid  rocks 
were  probably  of  metamorphic  origin.  Since  then  1  have  been  led 
to  change  this  opinion,  and  to  admit  that  these  peculiar  granitoid 
rocks  of  early  pre-Cambrian  age,  exposed  in  several  areas  in  North 
and  South  Wales,  must  have  had  an  igneous  origin.  There  ia  no 
evidence  to  show  that  there  are  any  rocks  of  sedimentary  origin  in 
Wales  which  can  be  classed  as  belonging  to  that  period.  The 
qnartzites,  qiiartz-sohists,  and  poroellanites  found  in  Anglesey  and 
elsewhere  were  probably  derived  by  denudation  from  these  granitoid 
rocks,  and  should  be  classed,  as  suggested  by  me  in  papers  in  1880 
and  1881,  as  belonging  to  the  Arvonian  period.  Some  peculiar 
acid  volcanic  rooks  found  in  Carnarvonshire  and  Pembrokeshire 
belong  also  to  this  period,  for  fragments  of  these  rocks,  in  the 
condition  in  which  they  are  now  found,  occur  abundantly  in  associa- 
tion with  the  pebbles  of  qnartzites,  quartz-schists  and  porcellanites 
in  the  Pebidian  agglomerates. 
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L— Les  Enohainkments  du  Monde  Animal  dans  les  Temps 
Gbologiques.  Fossiles  Seoondaibes.  By  Albert  Qaudht. 
pp.  623.     (Paris,  1890.) 

THE  literature  of  Palasontology  has  been  marked  by  a  dearth  of 
any  satisfactory  popular  handbooks,  answenng  to  the  innumer- 
able works  by  which  the  study  of  Zoology  has  been  encouraged  and 
advanced.  There  have  been  admirable  scientific  text-books  suited 
to  the  student,  and  any  number  of  volumes  discussing  the  relations 
of  fossils  to  cosmogonies  and  fads;  but  there  are  very  few  books 
such  as  the  present,  sufficiently  simple  to  be  intelligible  to  the 
ordinary  reader,  and  yet  commanding  the  respect  due  to  so  well 
known  and  distinguished  a  palaeontologist  as  Prof.  Gaudiy. 

The  work  commences  with  a  chapter  on  the  divisions  of  the 
Mesozoic,  with  a  tabulation  of  most  of  the  palaaontological  zones — 
and  in  some  cases  "  zonnleB  " — of  the  French  deposits.  The  bulk  of 
the  volume  is  occupied  by  an  account  of  the  various  groups  of  the 
animal  kingdom  as  developed  in  the  Mesozoic  era.  These  divisions 
are  sketched  shortly  and  simply,  and  the  leading  points  in  their 
structure  and  palseontological  value  well  brought  out.  Thus  the  great 
variability  of  the  Foraminifera  is  illustrated  by  a  number  of  figures 
showing  how  Oolina  might  pass  to  a  Cristellaria  either  through  such 
a  series  of  forms  as  Nodoaaria  and  Margintdaria  on  the  one  hand,  or 
through  FrontHcularia  and  FlabelUna  on  the  other. 

The  author's  principal  conclusion  seems  to  be  that  the  corollary 
to  the  acceptance  of  evolution  is  a  great  simplification  of  palsBonto- 
logical  nomenclature.  He  points  out  in  the  preface  that  the  attempt 
to  give  separate  specific  names  to  each  shade  of  variation  would 
simply  result  in  the  compilation  of  ''catalogues  sans  limites  o^ 
Thumaine  faiblesse  se  perdra."  He  repeatedly  asserts  that  the 
width  of  specific  range  that  is  regarded  as  admissible  in  the  members 
of  any  group  is  simply  dependent  on  the  amount  of  work  devoted 
to  that  group.  Many  arguments  in  support  of  these  views  are 
scattered  through  the  descriptive  portion  of  the  treatise.  As  is 
pointed  out  in  the  preface,  the  work  is  not  a  simple  text-book  of 
jialsBontology,  but  an  exposition  of  these  ideas.  Nevertheless  the 
short  descriptions  of  the  classes,  and  the  extensive  series  of  admirable 
illustrations,  will  enable  a  reader  to  obtain  a  good  idea  of  the 
principal  variations  in  any  group.  This  is  a  book,  moreover,  which 
will  well  repay  perusal  by  more  advanced  students,  as  it  is  full  of 
most  valuable  and  original  suggestions.  In  fact,  the  most  serious 
fault  to  be  found  with  the  work  is  the  way  in  which  new  ideas  are 
proposed  without  adequate  illustration  or  discussion.  Thus  Prof. 
Qaudry's  theory  of  the  origin  of  the  Actiniaria  from  the  Rngosa 
through  the  Astreans,  Turbinolidss,  and  Perforata,  is  ootn  pressed 
with  five  illustrations  into  a  page  and  a  c^uarter.  More  %^^«fift 
might  also  he  devoted  to  the  suggestion  tlaat  \)^^  o\^  \i«X,>\\^\%\%  ^w^ 
J2ot  so  far  wrong  in  allying  the  Eoramlmiera  NdvOa.  V>aft  ^v:JClv«r»»N 
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the  former,  says  the  author,  may  be  deriyed  from  the  latter  by 
arrest  of  development,  whioh,  however,  has  affected  the  soft  parts 
more  than  the  more  simply  organized  shell.  Though  this  hypothesis 
is  advanced  '*  with  all  reserve,"  it  is  so  briefly  and  prettily  expressed, 
that  an  elementary  student  might  easily  be  indaced  to  adopt  it 

The  preceding  volume  of  this  work,  dealing  with  the  PalsBOEoio 
fauna,  was  issued  in  1883;  the  first  part  describing  the  Tertiary 
Mammalia  was  published  in  1878,  and  has  long  since  been  out  of 
print 

If  Prof.  Oaudry,  instead  of  merely  republishing  that  book,  would 
prepare  a  similar  volume  to  the  present  one,  dealing  with  the  whole 
Tertiary  fauna,  he  would  still  further  add  to  the  feelings  of 
gratitude  that  must  be  entertained  by  all  who  are  interested  in  the 
popularization  of  palsBontology. 

In  conclusion,  we  cannot  speak  in  too  high  terms  of  one  who 
has,  like  Prof.  Oaudry,  devoted  his  life  to  the  exposition  and 
illustration  of  paleeontology,  and  whose  numerous  original  researches 
and  publications  upon  the  fossil  Mammalia  of  Attica,  of  Mont 
Leberon,  and  other  localities,  have  won  for  him  the  highest  scientific 
reputation. 

II. — Bkskarohvs  on   Ripple -marks   and  on  Wavk- action.    By 

A.  E.  Hunt,  M.A.,  F.L.S.,  F.G.S. 

GEOLOGISTS  have  given  their  attention  to  the  subject  of  Modem 
as  well  as  Ancient  Sea-beaches,  but  they  have  not  occupied 
themselves  very  much  with  the  present  state  of  the  Sea-bottom 
extending  from  low-tide  mark  to  40  or  50  fathoms.  Submarine 
researches  are,  however,  capable  of  affording  much  valuable  informa- 
tion to  geologists,  not  only  on  the  character  of  the  rocks  that  may 
form  the  sea-bed  beneath  recent  deposits,  but  also  on  the  nature 
of  the  deposits  now  forming  and  the  influences  that  affect  them. 
For  a  number  of  years  Mr.  A.  R.  Hunt,  of  Torquay,  has  devoted 
himself  to  researches  on  these  subjects,  principally  along  the  coast 
of  South  Devon,  and  he  has  thrown  considerable  light  on  the  nature 
of  the  rocky  floor  in  certain  places,  from  the  evidence  of  a  number 
of  trawled  blocks.^  It  is,  however,  to  his  observations  on  Ripple- 
marks  and  Wave-action  that  we  wish  now  to  direct  attention ;  and 
as  these  subjects  appeal  also  to  the  mathematician,  he  has  sought 
aid  from  Sir  G.  Stokes  and  Lord  Rayleigh.  In  1882  he  constructed 
an  experimental  tank  to  test  his  observations  on  the  production  of 
Ripple- marks,  and  his  conclusions  are  that  they  are  due  to  wave- 
currents,  and  are  independent  as  a  rule  of  tides  and  tidal  currents. 
The  sand-ripples  on  beaches  are  made  by  alternate  currents  set  up 
by  waves,  and  those  laid  bare  by  the  fall  of  the  tide  may  often  he 
distinguished  from  the  Ripple-marks  made  at  greater  depths.  The 
shore  Ripple-marks  are  usually  imperfect  through  loss  of  their  sharp 
ridges.  Wave-currents  make  ripples  with  equal  sides ;  oontinuoas 
currents,  or  continuous  cuir^iita  dlaturbing  wave-currenta,  make 

'  Notea  on  the  Submarine  QecAo^  ol  t\v«'^<|^i^C?&KKi»^^^  ^^!^^^«a^^\^^^ 
DeroBf  Trans.  Devon.  Assoc.  \^&0-%^. 
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ripples  with  unequal  sides.  Bipple-marks  on  shore  are  hetter 
preserved  in  pools,  where  they  are  more  or  less  protected  from 
continnous  currents.  The  direction  of  Ripple-marka  has,  however, 
no  necessary  relation  to  the  direction  of  the  wind. 

The  bottom  of  Torbay,  usually  smooth,  was  found  to  be  strongly 
rippled  by  swells  following  a  gale,  and  the  author  has  discussed 
at  some  length  the  depth  to  which  submarine  deposits  may  be 
disturbed.  Evidence  is  brought  forward,  from  the  occurrence  of 
rolled  shells,  of  disturbance  of  the  bed  of  the  sea  at  depths  up  to 
about  38  fathoms ;  and  even  at  40  or  50  fathoms,  though  the  Wave- 
action  may  be  slight,  it  is  not  to  be  disregarded,  at  any  rate  in  an 
area  subject  to  oceanic  swells  and  where  there  is  a  tidal  current. 
The  evidence  obtained  from  a  soda-water  bottle  dredged  up  from 
40  fathoms,  showed  that  the  sea-bottom  was  subject  to  alternate 
periods  of  rest  and  disturbance.  This  bottle  was  found  to  contain 
55  species  of  shells,  which  must  have  been  washed  in  by  wave- 
currents  during  heavy  storms.  Serpttia  were  growing  in  the  neck 
of  the  bottle,  and  they  prevented  two  of  the  shells  (Pecten  opercu* 
larta  and  Fusus  gracilis)  from  being  extracted.^ 

Disturbance  in  shallower  water  at  depths  of  six  fathoms  in 
Torbay  is  shown  by  the  occurrence  on  the  shore  of  two  species  of 
Cardium  {C,  aculeatum  and  C.  itiberculatum).  Specimens  of  the 
former,  which  were  much  rolled,  had  been  derived  from  the  sea- bed 
beyond  the  six- fathom  line  where  they  are  known  to  flourish. 
Thus  di£ferent  species  of  Mollusca  come  to  be  grouped  sometimes 
separately,  sometimes  together  in  deposits  of  the  same  age ;  while 
by  the  changes  in  the  supply  of  mud  or  sand  species  locally  become 
extinct,  and  may  be  replaced  by  another  species.' 

Storm  waves  help  to  maintain  the  general  level  in  the  soft 
materials  accumulated  on  the  sea-bottom,  and  level  plateaux  of 
limestone  rocks  may  be  formed  by  rock-boring  animals  eating 
down  the  rock  to  the  level  of  surrounding  accumulations.  Marine 
shoals  and  sandbanks  are  commonly  the  joint  production  of  wave- 
currents  and  tidal-currents.  The  neutral  wave-currents  keep  the 
component  parts  in  motion,  whilst  cross-tidal-currents  accumulate 
them. 

On  the  subject  of  the  wearing  of  sand  by  marine  action,  evidence 
is  obtained  from  the  Skerries  shoal  in  Start  Bay,  where  grains  are 
present  in  all  stages  of  rounding,  from  the  jagged  fragment  of  quartz 
with  its  angles  just  showing  wear,  to  the  perfectly  smoothed  and 
polished  spheroid.  Some  of  the  grains  of  sand  exhibit  a  deposit  of 
secondary  quartz,  and  not  only  has  the  original  grain  been  worn, 
but  the  crystalline  encrustation  also.  The  author  believes  that  on 
sandbanks  where  tidal  and  other  currents  keep  in  circulation  a 
small  volume  of  sand,  the  rounding  action  of  the  waves  is  of  im- 
portance ;  for,  as  he  remarks,  *'  The  misinterpretation  of  the  origin 
of  the  constituent  grains  of  a  sandstone  may  result  in  utter  confusion, 

*  On  the  Formation  of  Ripplemark,  Proc.  Eo7a\  Sot.  ^^^A..  xlia:^  •  -^-^AA!^* 

•  See  jmper  "On  the  Inflaence  of  Wave-curroTk\»  otl  ^^  '?«qcb».  xs^r^-^&k^ 
Shallow  Seas,"  Jonm,  Linn.  See.  (Zoology),  vol.  xvm.  ^^.  ^^V^TIV, 
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to  the  extent  of  aubstitiiting  arid  deserts  for  marine  areas,  and 
lenfi^hy  rivers  for  isolated  sboals."  ^ 

■  The  author  points  out  that  tlie  fountain-head  of  all  the  misunder- 
standing about  waves  among  practical  men  has  been  Soott  Bnssell'i 
error  in  assuming  that  oscillating  sea-waves  are  converted  into 
waves  of  translation  on  running  through  shallow  water  over  a 
shelving  bottom.'  Mr.  Hunt's  experiments  show  that  oadllatiiig 
waves,  after  traversing  a  gentle  gradient,  plunge  seawards  of  the 
water  margin ;  and  he  maintains  that  erosion  by  plunging  wsvei 
often  extends  far  seaward  of  low- tide  level.  Indeed  erosion  by 
the  wave-currents  of  the  heaviest  oscillating  waves  extends  with 
diminishing  intensity  to  a  depth  of  at  least  40  fathoms.' 

I'he  observations  of  the  author  on  the  combined  action  of  wavei 
and  wind-formed  currents  in  removing  and  accumulating  shingle 
are  of  considerable  interest  and  importance,  a£feoting  as  they  do  our 
knowledge  of  the  beach-forms  of  the  present  day,  and  of  the  agents 
that  produce  and  modify  them.  H.  B.  W. 


III. — Memoirs  of  thk  Gbolooical  Survkt  of  Nkw  Soijth  Walks. 
Paubontoloot,  No.  4.  Tub  Fossil  Fishes  op  the  Hawkesburt 
Series  at  Gospord.  By  Arthur  Smith  Woodward,  F.Z.S., 
F.G  S.  4to.  pp.  xiii.4-55;  with  ten  Plates  and  two  Geological 
Sections.  (Published  by  Chas.  Potter,  Sydney,  New  South 
Wales,  1890.) 

IN  consequence  of  the  diRcovery  of  some  fossil  fishes  in  the 
Hawkesbury  Series  at  Gosford,  New  South  Wales,  the  fossil 
collector  of  the  Geological  Survey  was  set  to  work  in  the  quarry, 
with  the  result,  that  a  fine  series  of  nearly  four  hundred  specimens 
was  obtained  ;  and  the  present  memoir  is  a  detailed  description  of 
the  species  by  Mr.  A.  Smith  Woodward,  of  the  British  Museum 
(Natural  History),  Cromwell  Koad,  S.W. 

llie  geological  age  of  the  Hawkesbury  Series  is  not  satisfactorily 
settled,  although  generally  considered  to  belong  to  the  Trias.  It 
was  hoped,  therefore,  that  the  fortunate  discovery  of  these  fishes 
would  throw  much  light  on  the  stratigrapliical  position  of  a  very 
unfoBsiliferous  set  of  beds,  and  this  hope  has  not  been  disappointed. 

Some  account  of  the  rocks  exposed  in  the  Gosford  quarry  is  given 
in  a  preliminary  note,  by  Mr.  T.  W.  Edgew<»rth  David,  of  the  New 
South  Wales  Geological  Survey,  who,  judging  chiefly  from  bore- 
holes in  the  district,  is  of  opinion  that  about  2462  feet  of  strata 
intervene  between  the  beds  containing  the  fishes  and  the  Coal- 
measures.  This  description  is  accompanied  by  a  geological  section 
of  the  quarry,  and  a  vertical  section  of  the  beds  found  in  the 
neighbourhood,   showing   the   position   of  the  *' Sandy  Shale"  and 

^  "  Tbe  Evidence  of  the  Skerries  Shoal  on  the  Wearing  of  Fine  Sands  by  Wares,*' 
Trans.  Devon.  Assoc.  1887. 

'  On  the  Action  of  Waves  on  Sea-Beaches  and  Sea- Bottoms,  Proc.  Bojal 
Dublin  See.  vol.  iv.  pp.  24\-'i9V>  (\%%\V 

'  Denudation  and  l)epo»\tioii  07  ^%  k^ixc^  Ql^»««.-NR«^«^^^'r^T«»ws&3ij!^^^'^* 
«dered.     With  l»reface ;  *'  Ihe  Slorj  ^i  «^  B^wwroV    ^to^^-^  ^tvb:»^\^^. 
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"  Laminated  Mudstone "  in  which  the  fishes  ooour.  These  two 
sections  are  given  as  full-pnge  plates ;  but  by  whatever  process  they 
may  have  been  reproduced,  they  compare  very  -unfavourably  with 
the  fine  series  of  plates  reprcHcnting  the  fossils,  and  are  not  in 
keeping  with  the  other  parts  of  the  work.  It  is  to  be  regretted 
that  these  rough-looking  plates  should  have  been  introduced  to  the 
.detriment  of  what  is  otherwise  an  admirably  executed  memoir. 

The  remains  of  a  small  Labyrinthodont  have  been  found  in  this 
fish  bed,  and  have  already  been  described  by  Prof.  W.  J.  Stephens, 
in  the  Proceedings  of  the  Linnean  Society  of  New  South  Wales. 

Mr.  Smith  Woodward's  descnption  of  the  Gk>sford  fishes  occupies 
between  fifty  and  sixty  pages,  and  is  illustrated  by  ten  excellent 
lithographic  plates  by  Messrs.  Berjeau  and  Highley.  The  greater 
number  of  these  fishes  belong  to  the  Oanoidei;  but  among  them 
there  is  one  specimen,  referable  to  the  Cestraciont  group  of 
Selachians,  which  is,  however,  too  imperfect  to  admit  of  even 
generic  determination ;  and  there  are  some  others,  representing  the 
Dipnoi,  for  which  a  new  genus  and  species,  Goa/ordia  iruneata,  are 
established.  The  Ganoids  are  represented  by  nine  genera,  of  which 
one  only,  Apatolepia,  is  new ;  but  two  others,  Myriolepis  and  Cleithro* 
lepiSf  were  proposed  by  Sir  Philip  de  M.  Qrey  Egerton  in  1864 
for  specimens  from  New  South  Wales,  sent  over  by  the  Bev.  W.  R 
Clarke.  Each  of  these  genera  is  represented  by  one  or  two  species, 
as  are  also  the  following  six,  namely,  Dictyopyge,  BeUmorhynchuSy 
SemionotuBj  Prisiisomus,  FholidophonUt  and  PeltopleuruM,  Altogether 
fourteen  new  species  of  Ganoids  are  described. 

After  a  detailed  description  of  each  genus  and  species  the  author 
institutes  a  comparison  with  the  genera  which  have  been  found  in 
the  Trias,  Rhastic,  and  Lower  Lias  of  other  parts  of  the  world,  and 
in  order  to  show  more  clearly  the  position  occupied  by  the  Hawke»> 
bury  fishes,  the  important  genera  from  the  above  formations  are 
arranged  in  a  tabular  form.  Attention  is  called  to  the  absence 
from  the  Hawkesbury  beds  of  fishes  with  well-develope<l  vertebral 
centra,  and  the  conclusion  is  drawn,  that,  so  far  as  can  be  determined 
by  the  fishes,  the  Hawkesbury  beds  are  homotaxial  with  the  Eeuper 
of  Europe,  or  at  latest  with  the  KhsBtics. 

The  description  of  the  Gosford  fishes  has  been  very  carefully  and 
systematically  carried  out  by  Mr.  Smith  Woodward,  and  the  printing 
and  lithographic  plates  are  all  that  can  be  desired.  Indeed,  with  the 
exception  of  the  geological  sections  alluded  to  above,  the  memoir  is 
worthy  of  the  Geological  Survey,  by  which  it  is  issued,  and  a  credit 
to  the  editor,  and  all  concerned  in  its  production.  E.  T.  N. 

lY. — Annuaibe  Gl^oLooiQUE  TJniversel.     Bevue  de  G^ologie  et 
PALtoNTOLooiE.      By  Dr.  L.  Oabez  and  H.  Douville.     Tome  v. 
Annee  1888.     (Pans,  1890.) 
f llHE  rapid  gi-owth  in  size  in  the  volumes  of  the  "  Bevue  Geologique 
'  X      Annuaire  '*  has  been  fully  continued  in  that  iH^ued  Cot  1\\^  ^^«x 
1888.    It  conaista  of  1273  pages  as  a^mel  ^*2a  \xv  >i\\^  ^jt^^v^^ 
iroJame,  while  an  increase  of  700  entriea  m  VVi^  \i\\iYisi%x«^>ft  >i^^^^ 
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bas  broaght  up  tbe  number  to  8550.  The  Tolume  is  continued  on 
the  same  plan  as  its  predecessors :  it  commences  with  a  numbered 
bibliographic  list,  in  which  geology  occupies  117  pages,  and 
palfBontology  31.  The  geological  part  of  this  is  arranged  geo- 
graphically, each  section  being  subdivided  stratigpraphically.  The 
bulk  of  the  work  is  occupied  by  the  *'  Bevue,"  which  is  treated  under 
three  main  heads,  stratigraphy,  topography,  and  palaeontology. 
Several  additions  and  changes  have,  as  usual,  been  made  in  the  staff; 
thus  Dr.  Trouessart  no  longer  has  to  review  the  whole  of  the  Yerte- 
brata  and  Arthropoda,  as  Dr.  Deperet  relieves  him  of  all  the  Yertebrata 
but  the  Mammalia,  and  MM.  Dollfus  and  Bergeron  of  the  Arthropoda. 
M.  Ch.  Brongniart  contributes  for  the  first  time  the  article  on 
Insecta.  In  general  geology  two  new  sections  have  been  added, 
viz.  Petrography,  by  M.  U.  Le  Yerrier,  and  Yolcanoes,  by  Dr.  H. 
Johnston-Lavis.  M.  Choffat  has  ceased  to  review  die  Jurassic 
palaeontology,  but  continues  in  charge  of  the  section  on  Spain  and 
FortugaL  Asia  is  not  this  year  omitted,  as  M.  de  Margerie  has 
contributed  a  note  upon  it.  The  longest  sectional  review  is  that 
on  Bussia,  by  Prof.  Pavlov,  which  occupies  thirty -three  pages;  it 
gives  a  good  idea  of  the  valuable  work  now  being  done  in  that 
country.  The  titles  of  the  papers  are  translated,  but  the  authors' 
names  are  transliterated  on  no  definite  plan,  and  this  results  in  many 
puzzling  inconsiatencies  and  anomalies. 

llie  **  Annuaire  **  appears  to  experience  the  same  difficulty  as  the 
''Zoological  Record*'  in  getting  apecialists  for  all  the  groups;  thus 
in  it  some  sections  have  been  compiled  by  men,  who,  though  eminent 
in  their  own  departments,  have  no  special  knowledge  of  the  group 
they  record :  in  such  cases  the  credit  of  both  works  suffers  severely. 

The  English  section  is  admirably  done  by  Dr.  Carez :  a  few 
misprints  are  inevitable,  as  ''  a  visit  to  Chap  "  (Shap),  or  the  dis- 
covery of  "pievite"  instead  of  picrite;  the  author  balances  a 
tendency  to  dock  Welsh  names,  as  in  **  Mynyd  Maw,"  by  an  un- 
occasional  addition,  as  in  the  name  of  Mr.  H.  H.  Windwood.  It 
might  have  been  better  to  refer  Gastaldi*8  letter  to  Sterry  Hunt  to 
the  Gbolooioal  Magazink,  where  it  was  published  verbatim,  rather 
than  to  the  few  line  abstract  in  the  Brit  Assoc.  Reports.  No  com- 
plaint can,  however,  be  made  against  the  "  Annuaire  "  on  the  ground 
of  not  noticing  both  places  of  publication  of  a  work,  as  they  carry 
the  system  to  an  almost  unnecessary  extent :  thus  all  papers 
published  in  the  Q.J.G.S.  are  recorded  thrice;  in  the  Journal,  in  the 
Abstracts  of  Proceedings,  and  in  the  Oeological  Magazink  where 
the  abstracts  are  reprinted. 

In  the  case   of  so   valuable   a   guide   to   current  literature   the 

geologist  must  feel  too  grateful  to  be  critical.     Tlie  undertaking  is 

ambitious :  it  aims  at  combining  the  bibliographic  completeness  of 

the  English  Records  with  the  short  abstracts  of  the  Neues  Jahrbnch. 

Hence  it  is  not  surprising  that  there  are  many  points  to  which 

objection  might  be  made :  thus  in  the  important  consideration  of 

prompfneBB  of  publication,  \t  \ft  \>ei«AeTv  \>^  >i)c\^  7»vi^cv^^s»i\  ^^cord  by 

■""^^  Are  months ;  ^  it,  \\owevet,  coiaT^w^aAfe^  \q>t  VJoa^ Vj  \\a  ^^ssss^^. 

^tod  1889  on  tbe  tiUe-page,  \>u\.  tVf^  VT«&w»Sa  ^Tt«e(^i  ^-^^q.^y^v^. 
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completeness.  Thus  a  reoord  of  the  ESchinoderma  which  does  not 
include  Cotteau*s  Eocene  ^chinides  (Pal.  Franc.) i  de  Loriol's  Crinoides 
Jurassiques,  and  £chinide8  cretacea  du  Portugal,  Pomel's  Paleonto- 
lo^ie  de  TAlgerie ;  nor  mentions  Sonne's  discoveries  in  the  Pyrenees, 
White's  in  Brazil,  or  de  LorioFs  additions  to  the  fauna  of  Angola, 
cannot  be  for  a  moment  compared  with  M.  Gktuthier's  summary  of 
the  group.  Nevertheless,  complete  though  the  work  is,  there  are 
some  few  omissions ;  thus  while  a  paper  on  the  Mauritius  Bryozoa, 
which  is  solely  of  zoological  interest,  is  recorded  and  summarized, 
the  Sarrasins*  important  work  on  the  Echinothuridao  is  not  men- 
tioned, though  of  especial  interest  to  palaeontologists.  The  list  of 
abbreviations,  which  was  quite  inadequate  in  previous  volumes, 
has  disappeared  entirely  from  the  present,  and  one  is  left  to  guess 
what  is  meant  by  the  G.F.F.  and  the  Jahrbuch  G.R. A. :  the  brevity 
in  such  cases  strikes  one  as  unnecessary  in  contrast  to  those  in  which 
such  words  as  Bendiconti  are  printed  in  full.  In  many  cases  there 
is  a  lack  of  uniformity  in  the  abbreviations,  and  the  same  work  is 
quoted  differently  on  the  same  page.  Sometimes  no  reference  is 
given  to  the  place  of  publication  of  a  paper,  as  in  Sansoni's  '*  Note 
di  mineralogia  italiana"  (1855).  The  frequent  absence  of  cross- 
references  in  the  case  of  joint  authorship  is  also  unfortunate. 

In  spite  of  such  slips  and  omissions,  it  must  be  admitted  that  the 
Annuaire  Geologique  Universel  is  the  most  complete  and  reliable 
guide  to  current  geological  and  palaentological  literature.    J.  W.  G. 


THE  CAMBRIAN  CONGLOMERATE  OF  ST.  DAVIDS. 

Sib, — The  statement  to  which  Dr.  Hicks  objects  may  be  some- 
what loosely  worded,  but  if  the  words  used  be  clearly  defined  it 
is  not  very  far  from  the  truth.  In  speaking  of  a  conglomerate  we 
distinguish  "  pebbles  "  and  •*  matrix."  When  the  word  *'  fragment  *' 
is  used,  it  is  generally  supposed  to  refer  to  the  former ;  the  latter, 
however,  may  also  contain  ifragments  of  smaller  size ;  and  with  the 
exception  of  certain  true  pebbles  from  Whitesand  Bay  and  Ramsey 
Island,  all  the  fragments  referred  to  by  Dr.  Hicks  come  under  this 
category.  The  conglomerate  of  Ramsey  Island  is  truly  '*  composed  *' 
of  felsite  pebbles,  but  there  is  no  proof  of  its  age.  Elsewhere  the 
conglomerates  may  contain  fragments  of  various  rocks,  but  they  are 
mainly  composed  of  quartz  pebbles.  My  statement  is  a  re-echo  of 
the  words  of  Prof.  Hughes  that  "he  did  not  believe  that  the  little 
particles  of  felspathic  rock  in  the  grit  would  carry  conviction." 
Indeed  in  any  case  it  is  very  extraordinary  that  though  the  present 
beach  at  Chanter's  Seat  and  elsewhere  is  strewn  with  large  granite 
pebbles  from  the  neighbourhood,  the  older  conglomerate  is  so  free 
from  them,  and  so  full  of  quartz  from  somewhere  else.  This  fact, 
which  thus  stated  can  scarcely  be  denied,  tends  to  minimize  the 
interval  between  the  conglomerate  and  the  underlying  rocks,  and 
the  presence  of  small  fragments  of  similar  rocks  which  are  a.hvuvd».^t. 
in  Preoambiian  areas  does  not  do  muoli  m  l\i^  oonX^t^T^  ^\x%i&n\.^w« 

Sfp^.  20,  1890.  3  •  'B  •  ^\.KXS- 


626  Corretpondence — Df.  H.  J.  JohnstoH'Lavis. 

METRICAL  f.  IMPERIAL  STANDARDS. 

Bib, — It  18  to  be  regretted  that  the  valuable  space  of  the  pag« 
of  the  Gkol.  Mao.  are  threatened  by  a  discassion  of  the  merits  of 
different  systems  of  weights  and  measures.  The  qaestion  has  been 
thrpshed  out  in  the  "English  Mechanic,"  photographio  and  other 
jonmals  quite  recently.  As  one  of  those  who  use  metrical  measure- 
ments in  my  communications  to  the  three  papers  mentioned,  would 
you  kindly  allow  me  to  explain  my  own  reasons,  which  are  probably 
the  same  as  those  of  the  other  culprits.  As  an  Englishman,  eduteted 
in  England,  I  have  the  greatest  respect  for  most  of  her  institutioDB 
and  systems ;  but  I  am  not  Jingoist  enough  (pardon  the  expression) 
to  extend  my  patriotic  feelings  to  the  irrational  system  of  yonr 
■o-called  Imperial  Standards,  which  cost  me  many  a  caning  and 
numerous  other  miseries  during  my  school-daya.  When  I  took 
up  my  residence  abroad,  my  mental  conception  of  an  inch  and  a 
foot  was  fairly  good ;  but  ells,  furlongs,  miles,  gills,  pints,  gallons, 
pecks,  bushels,  grains,  scruples,  drachms,  and  many  other  barbarous 
units  were  always  very  hazy  conceptions.  My  first  initiation  to 
metrical  measurements  was  the  picture  of  a  decimetre  in  Boscoe's 
small  chemistry  book.  I  set  myself  to  work  for  half  an  hour  on 
two  or  three  occasions,  and  soon  gained  a  clear  mental  estimate  of 
all  metrical  standards  which  years  of  patient  labour  and  much 
practice  had  failed  to  give  me  of  Imperial  standards.  The  great 
point  is  that  the  measure  of  lengths,  fluids,  solids,  with  their  relations 
to  specific  gravity,  temperature,  coinage,  etc.,  can  be  calculated  in 
a  few  seconds  by  an  ordinary  person,  whilst  the  relationship  of  the 
Imperial  standards  requires  lengthy  intricate  calculations  on  paper 
by  a  practised  mind.  So  superior  do  I  find  the  metrical  system  that 
I  now  convert  the  data  of  any  problem  from  English  to  a  metrical 
form,  make  my  calculations,  and  reconvert  the  answer  to  English 
form. 

The  objections  of  the  writer  of  the  letter  in  last  month's  GeoLi 
Mag.  are  of  the  usual  invalid  kind.  In  the  first  place  he  seems  to 
think  one  must  be  a  French  scholar  to  understand  metrical  measure- 
ments, whereas  if  any  other  than  his  own  language  is  necessary,  it 
is  Greek  and  Latin,  as  all  the  names  of  the  weights  and  measures 
are  derived  from  them ;  but  I  would  ask  if  the  writer  of  the  letter 
ever  attempted  to  investigate  the  meanings  of  furlong,  drachm, 
scruple,  carat,  and  other  incomprehensible  and  useless  denominations 
of  our  Imperial  standard  units,  whilst  a  mo*st  elementary  knowledge 
is  sufficient  to  explain  a  decimetre,  a  milligramme,  or  a  hectolitre. 
The  next  error  is  to  refer  the  use  of  the  metrical  system  entirely 
to  the  French — true  it  originated  in  the  minds  of  French  philoso- 
phers and  physicists,  but  it  has  long  been  very  extensively  adopted 
by  other  countries.  All  said  about  Englishmen  and  English  journals 
is  out  of  place,  for  the  metrical  system  is  recognized  as  legal 
Standards  by  Act  of  the  British  Imperial  Parliament,  and  it  is  only 
our  insular  conservatism  that  makes  us  retain  an  old,  cumbersome, 
and  even  dangerous  system  o^  SXaudot^^  tvsA  mMch  superior  to  those 
used  from  earliest  hiatOTio  Ivmes.    1^  ^^o^Vk  v«Ss^  \a  \«Awfe\axA. 
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Boientifio  papers  where  the  metrioal  system  is  used,  it  is  to  be 
iDferred  that  they  are  capable  of  learning  that  system,  which  is 
not  more  difficult  than  the  multiplication  table  of  10. 

The  prognostications  of  your  correspondent  I  fear  are  of  little 
Talue,  for  I  find  daily  the  metrical  system  is  replacing  more  and 
more  the  barbarous  standards.  I  know  of  some  large  English 
engineering  works  recently  opened  in  Italy  where  all  the  English 
engineers,  after  a  few  months'  absence  from  home,  adopt  the  metrical 
system  as  far  as  the  inch-calibred  machinery  will  allow,  and  con- 
stantly grumble  at  the  two-foot  rule. 

Lastly,  allow  me  to  state  that  once  it  was  my  practice  to  put  old 
English  equivalents  by  the  side  of  the  metrical  measurements,  but 
I  dropped  the  practice  because  one  Editor  wrote  to  me  saying  that 
it  was  a  presupposed  fact  that  the  readers  of  his  journal  understood 
the  metrical  system,  and  it  might  offend  their  dignity  to  be  told  the 
English  equivalent  of  2*5  centimetres,  etc.  Another  Editor  wrote 
that  it  was  superfluous  and  added  to  the  length  of  the  paper. 

Chemists  and  physicists  have  universally  adopted  the  metrioal 
system,  mathematicians,  astronomers,  etc.,  prefer  it,  and  I  maintain 
that  geologists — especially  those  who  write  for  the  future  in  the 
Geol.  Mag. — the  least  conservative  of  all  scientists,  should  not  be 
the  last  to  give  up  an  archaic  if  not  an  arcbean  system. 

Naples,  Oct.  14M,  1890.  H.  J.  Johnston-Lavis. 


WIND  WAVES  AND  TIDAL  CURRENTS. 

Sib, — Allow  me  to  thank  Mr.  Stirrup  for  the  invaluable  informa- 
tion contained  in  his  letter  on  '*  Wind  Waves  and  Tidal  Currents." 
It  does  not,  however,  affect  the  position  taken  up  in  my  letter  on 
"  Tidal  Action  "  as  to  the  question  of  the  action  or  inaction  of  Tidal 
currents  on  the  floor  of  the  English  Channel.  The  Mediterranean 
being  practically  a  tideless  sea,  the  currents  encountered  by  M.  Fol 
could  not  possibly  be  Tidal,  and  herein  lies  the  extreme  value  of 
the  observations. 

My  investigation  of  wave-action  was  undertaken  in  order  to  prove 
the  disturbing  power  of  waves  on  the  sea-bottom,  and  I  proved  my 
point  up  to  the  hilt,  and  indeed  a  little  further,  as  the  ascertained 
amount  of  disturbance  exceeded  what  the  theory  of  oscillating  waves 
would  allow. 

In  a  paper  submitted  to  the  British  Association  in  1886,  I  pointed 
to  the  clean  sand  and  shells  in  100  fathoms  and  more  at  the  month 
of  the  English  Channel  as  evidence  of  the  presence  of  wave-currents 
at  a  depth  far  below  the  reach  of  the  heaviest  oscillating  waves,  and 
said  that  "  the  presence  of  this  deposit  of  clean  sand  and  shells  is 
at  present  unaccounted  for,  for  there  are  no  recognized  agents 
competent  to  disturb  and  distribute  such  material  below  the  depth  of 
fifty  fathoms : "  at  the  same  time  I  showed  how  a  gale  off  Queens- 
town  by  the  general  disturbance  of  the  water-level,  stirred  up  sea- 
weed in  Torquay  Harbour  far  beyond  the  radius  of  the  atmospheric 
disturbance  caused  by  the  storm. 

In  a  tidal  sea  it  ia  impossible  to  isolate  ttiea^  ^^c-T^^OckVcv^^x^^^'^^ 
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from  the  onlinary  tidal-  and  wave-ourrents,  but  now  M.  Fol  in  the 
tideleaa  Mediterranean  has  done  so,  and  what  is  of  so  much  impor- 
tance has  clearly  distinguished  them  from  such  wave-  and  tidal- 
ourrents.  As  already  stated,  M.  Fol's  currents  cannot  be  tidal,  bat 
no  more  can  they  be  attributed  to  ordinary  storm  waves,  as  Mr. 
Stirrup  states  that  the  disturbance  is  felt  nearly  as  much  at  30  metres 
as  at  10  metres.  This  is  also  indicated  by  the  character  of  the 
motion  which  is  said  to  make  the  diver  oscillate  like  a  pendulum. 
An  ordinary  storm  wave  would  impart  more  or  less  of  a  circular 
motion. 

These  wave-currents  appear  to  originate  in  those  swinging  waves 
which,  for  lack  of  a  better  name,  I  have  termed  wind-pressure 
waves,  lliey  are  moreover  quite  in  their  place  in  the  Mediterranean, 
a  sea  which  is  subject  to  considerable  changes  of  water-level  from 
strong  winds. 

With  respect  to  the  English  Channel,  the  tidal  currents  alone 
seem  powerless  to  disturb  the  weakest  organism,  but  occasional 
storms  appear  to  hurl  about  gravel  as  though  it  were  sand,  and  to 
give  the  fauna  in  general  a  decidedly  bad  time  of  it. 

Mr.  Stirrup's  letter  clears  up  the  chief  outstanding  unexplained 
point  in  the  problem  of  the  action  of  waves  and  currents  on  the 
floor  of  the  Channel,  and  I  can  only  repeat  my  very  sincere  thanks 
for  the  same.  A.  R.  Hunt. 

SouTHWooD,  Torquay. 


Geological  Survet  of  Ireland  and  the  Royal  College  of 
SciENOE. — We  regret  to  learn  that  Professor  Edward  Hull,  LL.D., 
F.H.S.,  severed  his  connexion  upon  the  30th  September  with  the 
Geological  Survey  of  Ireland,  of  which  he  has  been  Director  for  a 
period  of  nearly  21  years.  He  retires  from  the  service  con- 
sequently upon  the  completion  of  the  one-inch  Geological  Survey 
of  the  country.  Messrs.  G.  H.  Kinahan,  A.  B.  Wynne,  R.  J.  Cruise, 
and  W.  F.  Mitchell,  have  also  retired  from  the  service  ;  Mr.  Einahan 
having  served  with  distinction  for  a  period  of  36  years.  A  small 
staff  has  been  retained,  whose  duty  it  is  to  keep  the  maps  up  to  date, 
to  give  technical  information  to  persons  interested  in  mineral  and 
similar  developments,  and  to  attend  to  the  Survey  collection  now 
displayed  in  the  new  Science  and  Art  Museum.  Mr.  J.  Nolan  (senior 
geologist)  has  been  appointed  chief  of  the  local  staff,  and  there 
remain  with  him  Messrs.  F.  W.  Egan,  J.  R.  Kilroe,  A.  McHenry, 
Dr.  J.  S.  Hyland,  and  Mr.  R.  Clarke  (Fossil  Collector).  Professor 
Hull  also  resigns  his  position  as  Pnjfessor  of  Geology  at  the  Royal 
College  of  Science,  which  he  had  held  conjointly  with  the  Director- 
ship of  the  Survey.  We  have  much  pleasure  in  stating  that  Mr. 
G.  A.  J.  Cole,  F.G.S.,  who  for  several  j'ears  has  been  assistant  to 
Prof.  Judd  at  the  Normal  School  of  Science,  and  has  done  much 
orig'iiial  work  in  Petrology,  has  been  appointed  to  the  vacant 
JBiofeMorsbip. 
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I. — On  a  New  British  Isopod  {Cfclospbjbroma  trilobatum)  from 

THE  Great  Oolite  of  Northampton. 

By  Hbnry  Woodwabd,  LL.D.,  F.R.8.,  P.G.S. 

(PLATE  XV.) 

MR.  THOMAS  JESSON,  B.A.,  F.G.S.,  of  Great  Houghton  House, 
Northampton,  was  lately  so  fortunate  as  to  discover  in  the 
Great  Oolite  of  that  county,  a  new  and  most  interestiug  example  of 
an  Isopodous  Crustacean,  which,  by  his  kindness,  I  am  permitted  to 
figure  and  record  in  the  GROLoaiOAL  Magazine. 

The  last-described  British  Isopod  was  obtained  from  the  Upper 
Greensand  of  Cambridge,  and  made  known  by  Mr.  James  Carter, 
F.G.S.,  in  this  Magazine.^  In  his  paper  Mr.  Carter  gives  a  careful 
resume  of  our  knowledge  of  the  species  of  this  order  which  have 
hitherto  been  found  in  a  fossil  state,  both  British  and  Foreign,  and 
it  will  therefore  be  sufficient,  for  our  present  purpose,  to  refer  the 
reader  to  that  admirable  summary. 

The  specimen,  which  forms  the  subject  of  this  article,  was  found 
imbedded  in  compact  white  crystalline  limestone;  only  the  upper 
surface  of  the  cephalon,  the  body-segments  and  the  telson  being 
exposed  (see  Plate  XV.  Fig.  la).  About  one-half  of  the  fossil, 
consisting  of  the  cephalon  and  the  anterior  thoracic  segments,  has 
the  outer  crust  or  shell  preserved ;  the  posterior  segments,  the 
abdomen  and  telson  are  seen  as  a  sharp  cast  of  the  animal  in  the 
fine  calcareous  matrix.  The  margins  of  the  cephalon,  the  segmente 
and  telson  have  suffered  considerably  in  the  process  of  removal 
from  the  parent-rock  in  which  they  had  been  enclosed,  thus  leaving 
much  to  be  desiderated  before  we  can  obtain  a  complete  and 
satisfstctory  knowledge  of  the  fossil. 

The  epistomial  plate,  together  with  traces  of  the  antennules  and 
antenns),  can  be  made  out  in  front  of  the  cephalon  (PI.  XY.  Fig.  \c) ; 
also  the  basal  portion  of  the  left  uropodite  on  the  side  of  the  telson. 

A  careful  comparison  of  Mr.  Jesson's  specimen  with  several 
recent  and  fossil  forms,  has  satisfied  me  that  it  should  be  placed  in 
the  Isopoda,  and  in  the  Family  SPHiEROMiDiE,  of  which  I  here  subjoin 
a  brief  diagnosis,  summarized  from  Messrs.  Spence  Bate  and  J. 
0.  Westwood's  excellent  work.' 

»  See  Gbol.  Mao.  1889,  pp.  193-196,  PI.  VI.  Figs.  1-7. 
'  A  HiBtory  of  the  British  Sessile-ejed  Crustacea,  b^  C.  ^^^<^  ^^Na  «xA'^«^« 
TVestirood,  1868,  in  2  voh, ;  toI.  ii.  p.  898,  etc 
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SpJuBromidcB. — Body  Bhort,  broad,  and  very  convex ;  often  oon- 
tractile  into  a  ball ;  foot-jaws  elongated ;  in  some  speoiea  the  termiiial 
joint  is  not  dilated  at  the  inner  apical  angle,  bo  as  to  become 
palpiform ;  the  head  is  large  and  transverse,  and  in  Sphgroma  the 
first  segment  of  the  thorax  is  laterally  anteriorly  produced  so  as  to 
reach  the  anterior  margin  of  the  cephalon  which  it  embraces  on 
either  side  (see  figure  of  Sphctroma  Berratum^  Fabr.  sp.,  Plate  XY. 
Fig.  3).  The  mandibles  robust  and  angulated  at  the  extremity,  the 
tips  formed  into  sevaral  distinct  teeth,  below  which  is  a  strong 
molar  tubercle.  Externally,  also,  the  mandibles  are  furnished  with 
a  palpiform  three- jointed  appendage,  llie  segments  of  the  thorax 
do  not  exhibit,  when  viewed  dorsally,  the  epimera-like  structure  of 
the  basal  joints  of  the  legs  observable  in  the  IdoteidcB.  The  basal 
segments  of  the  tail  (abdomen)  are  more  or  less  rudimentary,  and 
are  in  general  soldered  together,  more  or  less  completely,  so  as  to 
fonn,  apparently,  only  a  single  joint,  which  in  many  species  is 
furnished  with  large  tubercles  or  spines. 

Ctolosphjsboma,  H.  Woodw.,  gen.  nov. 
General  outline  nearly 'circular,  almost  as  broad  as  it  is  long. 
Cephalon  rounded  and  tumid  in  outline ;  eyes  moderately  large, 
cornea  vitreous ;  thoracic  segments  seven  in  number,  broader  than 
head-shield  or  telson,  first  segment  coalesced  with  the  cephalon; 
segments  of  abdomen  coalesced  together,  but  telson  apparently  dis- 
tinct.    Appendages  ?  (imperfectly  preserved). 

Cyclosphjeboma  tbilobatum,  H.  Woodw.,  gen.  et  sp.  nov.  (PI.  XY. 

Figs,  la,  (,  and  c.) 

Description, — Outline  of  cephalon  elliptical,  twice  as  broad  as 
long;  glabella  tumid,  divided  by  strongly -marked  furrows  into  three 
well-defined  regions,  a  central,  and  two  lateral  parts ;  the  central 
portion  of  the  glabella  is  broadest  in  front,  much  constricted  near 
the  centre,  expanding  again  into  a  small  pentagonal  area  behind, 
where  it  unites  with  the  first  thoracic  somite. 

The  two  lateral  lobes  are  ovate-oblong  in  form,  broader  in  front, 
and  narrower  behind,  where  they  abut  against  the  constricted  centre 
of  the  median  lobe.  The  eyes,  which  are  reniform  in  outline,  and 
meas^ure  5  mm.  in  length  by  2^  mm.  in  breadth,  occupy  the  outer 
posterior  angles  of  the  two  lateral  lobes ;  the  cornea  is  smooth  and 
glassy,  but  exhibits  distinct  facets  within  (when  viewed  under  a  good 
platyscopic  lens).  A  narrow  ridge  separated  by  a  double  furrow 
marks  the  line  of  division  between  the  cephalon  and  the  first  thoracio 
segment,  which  in  the  living  Spharama  usually  encloses  the  posterior 
and  lateral  margins  of  the  cephalon,  with  which  it  is  more  or  less 
completely  united.* 

*  In  the  majority  of  the  Isopoda  the  **head*'  seements  become  fused  with  the 
first  segment  ot  the  thorax,  and  form  a  cephalic  shielu  which  is  freely  movable  upoa 
the  second  thoracic  segment.  In  Seroli*  the  first  and  second  thoracic  segments  are 
closely  united,  and  completely  fused  dorsally,  though  the  sterna  of  the  two  remain 
dist'mct;  in  some  species  an  \iicom^\e\«  tt«ftKv«wfe  «w\mto  uoon  the  first  epiraei* 
Beema  to  mark  the  line  oi  division  \)ii\.^feeiiV)EL^\wQ«ftSgcasav\&W*»i\^\  Ssi  vjOc^^is^  the 
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Viewed  from  the  front  (see  PI.  XV.  Fig.  Ic)  the  strongly-marked 
trilobation  of  the  cephalon  is  still  more  clearly  seen.  The  epistomial 
plate  is  observable  attached  to  the  frontal  margin  of  the  glabella ; 
resembling  somewhat  a  short  heraldic  "  label,"  with  two  pendant 
square  ends.  Traces  of  the  antennules  and  antennsa  occupy  the 
lateral  frontal  margin  of  the  cephalon,  which  is  deeply  excavated  on 
each  side  for  the  articulation  of  their  broad  basal  joints. 

The  eyes  stand  out  from  the  antero-lateral  angles  of  the  cephalon, 
the  superciliary  border  being  formed  by  the  projecting  margin  of 
the  lateral  lobes,  of  the  head  and  the  inferior  border  by  the  encircling 
lateral  margin  of  the  first  thoracic  segment,  which  here  unites  with 
the  front  margin  of  the  head-shield  (cephalon). 

Thoracic  segments. — There  are  seven  thoracic  segments  between 
the  cephalon  and  the  abdomen ;  each  segment  is  very  strongly 
cori'ugated,  and  is  narrower  in  the  centre  along  the  median  dorsal 
line,  but  more  expanded  towards  its  free  margins  or  epimera.  The 
first  thoracic  segment  is,  without  doubt,  united  to  the  cephalon,  and 
curves  around  the  lateral  margins  of  the  head-shield;  the  second 
thoracic  segment  is  also  curved  somewhat  forward  at  its  epimeral 
margins ;  the  third  and  fourth  are  nearly  straight ;  the  fifth,  sixth, 
and  seventh  segments  curve  rather  backwards,  being  nearly  twice 
as  wide  at  the  epimera  as  on  the  median  dorsal  line.  The  epimeral 
border  of  each  segment  is  distinctly  marked  off  and  defined  by 
a  clear  lateral  line  of  division  crosning  all  the  segments  from  near 
the  outer  angle  of  the  eye  on  each  side  to  the  anterior  outer  angle 
of  the  abdomen  (see  PL  XV.  Figs,  la,  16).  The  posterior  margin 
of  the  cephalon  and  that  of  each  thoracic  segment,  has  a  narrow 
raised  border,  separated  by  a  furrow  from  the  rest  of  the  segment^ 
forming  the  line  of  articulation  between  each  segment  and  the  one 
immediately  succeeding  it;  this  union  is  further  strengthened  by 
the  enarthroidal  articulation  of  each  segment  with  its  neighbouring 
one  near  its  epimeral  border. 

Owing  to  the  decorticated  condition  of  the  posterior  portion  of 
the  fossil,  any  indication  of  the  former  divisions  of  the  coalesced 
segments  in  the  abdomen  which  may  have  existed  in  the  crust  are 
wanting ;  but  we  have  evidence  on  the  cast  of  two,  or  more,  strong 
protuberances  on  this  region  of  the  body.  The  abdomen  is  two  and 
a  half  times  as  broad  as  it  is  long,  being  extremely  narrow  laterally, 
somewhat  rhomboidal  in  outline,  and  must  have  had  spines  along 
its  posterior  border.  Behind  the  abdomen  the  body  terminates  in 
a  **  telson,"  or  caudal  shield,  nearly  three  times  as  broad  as  it  is 
long,  but  some  of  the  margin  of  this  shield  has  probably  been  lost. 
It  had  two  powerful  sub-median  spines  near  the  anterior  border, 
and  one  in  the  centre  near  the  posterior  extremity,  which  is  acutely 
pointed.  The  sides  are  strongly  curved  and  hollowed  out  for  the 
reception  of  the  flat  curved  inner  lobe  of  the  lateral  appendages 

epimera  of  the  two  thoracic  segments  are  completely  united,  and  show  no  traces  of 
their  original  distinctness ;   these  epimera  are  always  largely  developed^  and  cavc^- 
pletely  inclose  the  cephalic  shield  on  both  sides  (^Fiink  "R.  'Rft^^x^,  V^Y^xN.  wv  ^ib 
iBopoda  collected  by  H.M.S.  **  Challenger,"  dunng  \Jd^  ^ew^  Y^IV^^.    ^«sXV 
xferv/rir;  Zoologj,  joL  xi.  1884,  p.  8). 
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(uropoditee),  beneath  whioh  the  outer  lobe  is  geDerally  oonoealed. 
Traces  of  these,  and  of  the  walking  appendages  of  the  thorax,  oan, 
nnfortnnately,  only  be  made  oat  in  sections  in  the  matrix.  The 
snrface  of  the  head-shield  and  segments,  as  fiur  as  it  has  been 
preaerred,  is  onriously  camncnlated,  and  the  thoracio  s^ments  are 
also  ornamented  with  lines  of  small  tubercles  varying  in  size;  save 
the  large  spines  and  prominences  which  ornament  the  abdomen  and 
telson,  we  are  nnable  to  speak  on  acconnt  of  these  portions  haviDg 
been  decorticated ;  but  we  may  fairly  conclude  that  the  surface  was 
carimculated  like  the  head-shield.  There  is  a  tendency  towards 
a  median  line  of  small  tubercles  down  the  dorsum,  commencing  with 
a  rather  prominent  one  in  the  centre  on  the  posterior  border  of  ^e 
cephalon. 

Dimenaiona. — Greatest  breadth  of  cephalon,  25  millimetres ;  length 
13  mm.;  greatest  breadth  of  thorax  33  mra. ;  length  of  seven 
thoracic  segments  on  median  line  13  mm. ;  length  of  abdomen  and 
telson  united  15  mm.     Total  length  of  fossil  41  mm. 

Formation, — Great  Oolite.     Locality. — Northampton. 

In  the  cabinet  of  Thomas  Jesson,  Esq.,  B.A.,  F.G.S. 

OhBervaiionB, — This  is  certainly  one  of  the  most  curious  examples 
of  fossil  Isopods  I  have  yet  seen.  Its  remarkably-shaped  cephalon 
recalls  to  mind  the  genus  Lichas  amongst  the  Trilobites,  but  the 
general  form  is  that  of  a  true  Isopod ;  nevertheless  there  are  several 
points  of  great  interest  in  the  fossil  before  us.  Besides  the  trilobation 
of  the  head -shield,  one  cannot  fail  to  notice  the  prominent  marginal 
eyes  inclosed  by  the  first  thoracic  somite,  as  is  the  case  in  the  living 
genus  SphcBroma,  This  segment,  in  SphcBroma ;  and  the  first  and 
second  tlioracio  segments  united  to  the  head  in  Serolis  (see  foot- 
note p.  530),  are  no  doubt  homologous  with  the  genal  portion  (or 
**  free-cheek "  of  Salter)  in  the  head-shield  of  the  Trilobites,  thus 
affording  another  link  by  which  to  connect  the  modem  Isopoda  with 
the  ancient  and  extinct  Trilobita.* 

I  know  of  only  one  living  form  among  the  SphcBromidm  having 
such  strong  ornamentation  upon  the  segments,  head -shield  and 
telson  as  is  seen  in  Cyclosphceroma  ;  I  allude  to  the  curious  little 
form  obtained  by  Dr.  Milligan,  at  Flinder's  Island,  Bass's  Straits, 
and  named  by  the  late  Adam  White  Ceratocephalu9  GrayanuSf  MS.* 
(see  PI.  XV.  Figs.  2a,  6,  c).  It  has  three  hom-like  prominences 
on  its  head-shield,  and  the  telson  has  the  same  prolonged  pointed 
termination  as  in  our  fossil,  with  similar  protuberances  and  rugosities 
on  its  abdominal  shield. 

From  ArchcBomscua  (PI.  XV.  Fig.  4)  the  only  other  British  Isopod 
from  the  Oolitic  Series,  Cyclo8ph<Broma  entirely  differs,  that  Purbeck 
genus  being  now  referred  to  the  JEgidcB^  on  account  of  its  free 
abdominal  segments. 

*  See  remarks  in  Monograph  on  the  British  Carhoniferous  Trilobites,  by  H. 
Wowlward,  Pal.  Soc.  Mon.  1883-84,  p.  76. 

•  See  Article  **  Crustacea,"  "Bnc'^dovwdia.  Britannica,  1877,  ninth  edition,  vol.  n. 
p.  669,  fig.  72,  A-E,  by  H.  'WwAn^m^. 

'  See  my  paper  "  On  Eocene  Cruft^aceaittom^xjrasX.'^v^A^^^^^^Hj^^'  '^fas^ 
Joum.  Geol.  Soc.  1879,  yo\.  xixn.  ijk\.x^.^^.^VJ.-^^^>^^  ATtVfcti^V»«i**,V'^*^^' 
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Taking  a  review  of  tbe  fossil  Isopoda,  we  may  venture  to  arrange 
them  provisionally  as  follows : — 


I.    BoPTBIDiB. 


II.  JEqidm. 

III.  Abctubid^. 
IT.  Sfelsbomidjb. 


V.  Okibcidjb. 


Bopyrui^  sp.   (parasitic  under  carapace  of  FmlaoeorysUs), 

Upper  GreeoBand,  Cambridge. 
Falapa,  4  species,  2  Cretaceous,  2  Tertiary. 
JEgitet^  1  species.  Oolite,  Solenhofen. 
AreluBon%9eu»^  2  species,  Purbeck,  Swanaffe,  etc 
FraareturtUf  1  species,  Old  Red,  Herefora. 
ArthropUura,  1  species,  Coal  Measures. 
Sphttroma,  4  species.  Tertiary,  Italy,  Calabria,  etc 
£osph€Bromaf  2  species.  Eocene,  Isle  of  Wight. 
JSospharoma  (=iW«onM0iM),  2  species.  Eocene  and  Miocene. 
Arehaapharoma,  I  species,  Miocene,  Bohemia. 
Cyelotphmrwna^  I  species.  Great  Oolite,  Northampton. 
Cymodoeea^  1  species,  Tertiary. 
OnUcuB^  1  species,  Tertiary  (in  amber). 
Trieoniaau^  1  species.  Tertiary  (in  amber). 
ForeeiliOf  8  spe<ne8.  Tertiary  (m  amber). 
Armadillo^  1  spedes,  Miocene,  Oeningen. 

EXPLANATION  OP  PLATE  XV. 

Figs,  l-o,  5,  0.  Oye/otpharoma  trilobatum,  H.  Woodw.,  sp.  no7.,  Great  Oolite, 
Northampton. 

Fio.  la.  Specimen  natural  size  (d  position  of  flagellum  of  antenna). 

Fio.  lb,  Tne  same  as  fig.  a,  enlarged  ll  times. 

Fio.  le.  The  same,  front  riew  of  cephalon,  a  antennule ;  a,  part  of  the  antenna ; 
e  epistomial  plate. 

Fios.  2a,  bf  e.  CeratoeephalM  Orayanu*  (A.  White,  MS.)  liying ;  Bass's  Straits 
(Mus.  Brit,  collection),  about  4  times  natural  size. 

Fio.  2a.  dorsal  aspect. 

Fio.  2b.  Tentral  aspect. 

Fio.  2e,  frontal  aspect  of  head. 

Fio.  3.  Spharoma  aettatum^  Fabr.  sp.  (length  of  living  specimen  about  half  an 
inch).    English  and  French  coasts,  found  under  stones. 

Fio.  4.  Archaoniscus  Broditi,  Milne-Edwards,  Purbeck,  Swanage,  Dorset  (mag- 
nified 3  times),  now  referred  to  the  Mgida, 


n. — Note  ok  the  Effect  of  Pressube  xtfon  SEBPsm^iNE  in  the 

Pennine  Alps. 

By  Prof.  T.  G.  Bonnby,  D.Sc,  LL.D.,  F.R.S.,  F.G.S. 

IN  some  parts  of  the  Alps  serpentine  is  by  no  means  a  rare  rock ; 
indeed  it  is  commoner  than  some  geologists  (myself  included) 
once  supposed,  because  much  that  was  formerly  comprehended 
under  the  term  '  serpen  Uncus  schist'  now  proves  to  be  true 
serpentine  modified  by  the  effects  of  pressure. 

An  Alpine  serpentine,  when  in  its  most  normal  condition,  so  far 
as  I  have  seen — and  my  experience  is  a  fairly  wide  one — varies 
usually  in  colour  from  a  dark  green  to  almost  black,  a  red  tint  being 
rare.  Sometimes  it  is  veined  with  a  lighter  green,  and  the  rock  that 
has  been  affected  by  pressure  is  usually  of  a  paler  colour,  ranging 
from  a  fairly  rich  sage-green  to  a  light  greyish-green,  the  change 
being  no  doubt,  in  part  at  least,  the  result  of  weathering.  Small 
grains  of  magnetite  or  chromite  may  often  be  detected.  Except  tor 
this,  the  structure— apart  from  the  results  of  mochwvval  «*i\\^w— Vs^ 
iisuallj  compact,  though  varieties  w\t\i  gWlteiiTi^  ct^^^VaXa  Ql\stwsnI\\Rk 
and  allied  minerals  occur.     In  this  case  \Jaft  toc^L  ^^^^^^^  ^  ^^'^" 
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siderable  Fesemblanoe  to  the  dark  serpentiDe  from  north  of  Cadgwith 
(Lizard),  or  to  those  found  near  Genoa  or  at  Levanto.^ 

One  of  the  largest  masses  of  serpentine  in  the  Alps  ooonrs  near 
the  watershed  of  the  Pennine  Chain  in  the  neighbourhood  of 
Zennatt.  In  this  region  moantain-making  has  taken  place  on  a 
grand  scale,  so  that  good  opportunities  are  afforded  of  studying  the 
effects  of  pressure  as  an  agent  of  metamorphism.  But  before 
considering  this,  a  few  words  of  explanation  are  neoessary  for  the 
sake  of  those  who  are  not  familiar  with  the  geology  of  this  region. 
The  snowfields  in  the  neighbourhood  of  Monte  Rosa,  upon  the 
north-western  side  of  the  watershed,  descend  towards  the  Yisp  in 
two  glaciers — the  Qomer  and  the  Pindelen — which  are  separateil 
by  a  huge  buttress  or  spur.  This  culminates  in  a  rocky  ridge  which 
runs  parallel  (roughly  from  east  to  west)  with  the  former  glacier. 
At  its  western  end  is  a  singular  craggy  tower,  named  the  Riffelhoru 
(9616  feet) ;  east  of  this,  the  ridge  after  a  depression  mounts  to  the 
well-known  Gorner  Grat  (10,290  feet),  from  which  it  undulates 
upward  along  the  Hochthaligrat  (10,791  feet),  and  finally  culmi- 
nates in  the  Stockhom  (11,595  feet). 

This  huge  spur  to  a  great  extent  oonsists  of  serpentine ;  but  on 
its  northern  shoulder  a  considerable  area  (above  the  Kiffelhaus  Inn, 
8430  feet)  is  occupied  by  a  tolerably  hard  fine-grained  green  schist, 
apparently  bedded,  in  which  a  rather  acicular  hornblende  and  some- 
times epidote  are  fairly  conspicuous.'  This  mass  is  completely 
surrounded  by  serpentine.  The  latter  rock  continues  to  the 
summit  of  the  Gorner  Grat,  where  it  is  succeeded  by  calc-mica 
schists,  associated  with  some  fissile  mica-schists  and  micaceous  gneiss 
and  with  a  hard  white  quartz-schist.  This  group — on  the  details 
of  which  it  is,  for  the  present  purpose,  needless  to  dwell — is 
followed,  apparently  in  descending  order,  by  a  moderately  coarse, 
rather  micaceous,  gneiss,  of  which,  so  far  as  I  have  seen,  the 
remainder  of  the  ridge,  up  to  the  peak  of  the  Stockhom,  consists. 
The  annexed  section  (Fig.  1),  which  is  merely  diagrammatic,  may 
serve  to  render  the  relation  of  the  rocks,  described  above,  rather 
more  clear.' 

The  serpentine  no  doubt  forms  part  of  the  bed  of  the  Gorner 
glacier,  for  of  it,  on  the  left  bank,  not  only  the  rocks  of  the  Lychen- 

»  See  Geol.  Mao.  Dec.  11.  Vol.  VI.  p.  362  ;  Vol.  VII.  p.  638.  DescriptioM  of 
■ome  Alpine  serpentines  will  be  found  m  Mr.  Teali's  British  Petrography,  p.  109, 
et  teg. 

*  A  specimen  of  one  of  the  harder  varieties  which  I  have  had  sliced  consists  of  a 
not  very  characteristic  glaucophane  (the  greater  part  of  the  grains  being,  as  has  often 
been  described,  altered  into  a  dull  green  nomblende),  epidote,  garnets  (rather  small), 
a  little  white  mica,  hematite,  etc.  It  is  difficult  to  offer  an  opinion  as  to  the  origin 
of  these  green  schists.  Some  may  be  modititd  igneous  rocks ;  others  pebbly  altered 
tuffs. 

*  According  to  the  Swiss  Geological  Survey  there  should  be  some  rauchwacke 

interstratified  near  the  base  of  the  quartzite,  but  I  omit  this  rock  as  I  do  not  hold 

it  to  be  A  member  of  the  cryataWme  wlxvsa.    The  q^uartz-schist,  green-schists,  and 

calc-mica  schists  belong  to  tVie  great  gio\i^  oi  ct-^j^Aa^Xvuft  ^s^mXa^VvvcVsL  in  the  Alps 

have  such  a  wide  distribution  anCi  wt<iMi  a\,  >iXift  \»^  ^i  >^^  ^t^%\3^Ssbj6  V^ssS^-^sc^ 

Archeean)  series. 
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bretter,  on  which  rests  the  Ober  Th6odule  glacier,  bat  also  the 
peak  of  the  Klein  M atterhom  (12,752  feet)  consist.  It  appears  again 
on  the  south  side  of  the  Twins  and  the  Brei thorn,  in  the  Yal  d'Ayas, 
and  patches  of  the  same  rock,  sometimes  of  considerable  size,  occur 
at  intervals  about  the  Yal  d'Aoste  and  the  Graian  Alps.  West  of 
the  above-named  mass  of  serpentine  comes  a  green  schist  which 
is  indicated  on  the  Swiss  map  by  a  colour  different  from  that 
assigned  to  the  Biffelberg  schist ;  but  to  my  eye  there  is  no  marked 
distinction  between  the  two  rocks.  Serpentine  also  occurs  in 
isolated  patches  among  the  schists  for  a  distance  of  many  miles 
in  this  direction,  while  on  the  north-east  a  kind  of  tongue  protrudes 
from  the  mass  forming  the  Riffelberg  towards  the  base  of  the 
Findelen  glacier,  runs  in  a  broad  dyke-like  mass  on  its  right  bank, 
and  then  forms  another  great  patch  which  culminates  in  the  summits 
of  the  AUaleinhorn,  KimpfKchhom,  and  Strahlhorn,  whence  it 
extends  even  as  far  as  the  Fee-alp  above  the  Saasthal.  The  dis- 
tribution of  the  serpentine,  as  mentioned  above,  is  inexplicable  on 
any  other  supposition  than  that  it  is  an  intrusive  rock  of  igneous 
origin,  though  I  have  not  yet  seen  it  either  sending  off  dykes  or 
cutting  distinctly  across  the  bedding  of  the  schists.  This  negative 
evidence,  however,  is  of  little  weight,  for  in  the  Alps  junctions  are 
very  often  commonly  covered  up  by  debris,  and  I  deemed  it  un- 
necessary to  spend  much  time  in  hunting  for  them,  because  evidence 
already  obtained  in  other  localities  has  fully  satisfied  me  as  to  the 
history  of  au  ordinary  serpentine. 


WSM 


ESE. 


Fio.  1. — Section  throagh  Gomer  Grat. 

(1)  Serpentine.     (2)  Green  schist.     (3)  Calc-mica  schist.     (4)  Quartz-schist. 

(5)  Micaceous  gneiss. 

The  main  mass  of  serpentine,  described  above,  together  with  the 
enclosed  hornblendic  schist,  measures  rather  more  than  3^  miles 
from  E.  to  W.  and  rather  less  than  2^  miles  from  N.  to  S. ;  but  if 
we  measure  from  the  summit  of  the  Klein  Matterhorn  to  the  furthest 
part  of  the  margin,  in  a  direction  rather  east  of  north,  the  distance 
is  more  than  five  miles.  Thus  the  mass  of  serpentine  at  the  head  of 
theVispthal  is  not  less  important  than  that  of  the  Lizard  in  Cornwall. 

Some  at  least  of  the  schists  through  which  the  serpentine  appears 
to  have  broken  must  be  rocks  of  sedimentary  origin.  Whatever 
may  be  that  of  the  green-schists  and  certain  of  the  mica- schists  and 
gneisses  in  this  series,  it  is  impossible  to  doubt  that  of  the  quartz- 
schist  and  the  calc-mica  schist.  In  the  latter  micaceous  and  calcareous 
bands,  these  sometimea  becoming  a  crysta\\\Tift  m«t\A.^,  W5»  \iQ\N&\»xv^'^ 
alternate,  that  they  seam  only  explicable  on  \*Vka  Xi^^oKJaaiv^  oJl  «a^ 
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interatratifioiition  of  more  argillaceous  and  more  oaloaieooB  layen. 
It  18  also  evident  that  these  rocka,  after  they  had  asanmed  a  orystal* 
line  condition,  were  modified  by  a  strong  pressare,  definite  in  direction. 
This  pressure  in  many  oases  appears  to  have  acted  at  right  angles 
to  the  planes  of  the  original,  or  'stratification-foliation/  and  to 
have  superinduced  upon  it  a  secondary  or  '  deavage-foliation '  in 
the  same  direction ;  bnt  sometimes,  as  for  instance  may  be  seen 
at  the  very  summit  of  the  Gomer  Grat,  the  former  stmctare  is 
folded  so  as  to  cross  the  direction  of  the  latter,  which  then  nsoally 
becomes  inconspicuous.  The  bedding  in  these  schists  dips  roughly 
to  the  N.W.  or  a  little  W.  of  this,  at  an  average  angle  of  abont  40^, 
but  minor  disturbances  make  a  very  precise  determination  almost 
impossible. 

Pyroxenic  constituents  are  generally  absent  from  the  serpentine  of 
the  Gomer  Grat,  so  far  as  I  have  seen,  but  grains  of  iron-oxiJe 
(magnetite  or  perhaps  chromite)  which  sometimes  af^tain  a  fair  size 
are  rather  common.    Thus  the  rock  originally  must  have  been  the 


Fig.  2. — Contortions  in  Slaty  Serpentine  (natnral  size). 

variety  of  peridotite  called  dunite.  Occasionally  we  find  specimens 
of  fairly  normal  serpentine,  but  the  rock  commonly  is  more  or  less 
fissile,  looking  compressed  or  even  crushed.  In  some  places  it  is 
converted  into  a  veritable  slate,  and  the  mountain  is  strewn  with 
slabs,  which  have  smooth  level  surfaces,  and  exhibit  a  structure  as 
compact  as  that  of  an  argillite,  so  that  their  true  nature  might  readily 
be  overlooked.  But  the  more  normal  and  only  slightly  cleaved 
serpentine  can  be  traced  into  this  slaty  kind,  which  we  then  see 
indicates  only  localities  of  greater  pressure  or  of  less  strength  in  the 
rock-mass.  In  some  instances  (as  near  the  base  of  the  Biffelhom  on 
its  northern  side)  the  serpentine  is  so  fissile  that  it  can  be  split  into 
films  hardly  thicker  than  an  ordinary  visiting  card.  I  brought  away 
a  specimen,  perhaps  about  half  a  dozen  square  inches  in  area  (larger 
could  have  been  easily  obtained),  which  is  nowhere  thicker  than  an 
eighth  of  an  inch,  and  in  not  a  few  parts  is  actually  translucent 
Not  far  from  this  place  I  noticed  specimens  which  seemed  to  indicate 
that  the  rock  had  been  twice  affected  by  pi*essure,  for  the  thin  slaty 
layers  were  bent  into  a  series  of  Y-like  folds,  like  a  row  of  gables, 
perhaps  half  an  inch  high,  and  rather  less  than  an  inch  wide,  these 
bent  layers  being  separable  one  from  another  (Fig.  2).^ 

'  A  Terr  fine  specimen,  on  a  wia\e  a\joxit  ^v%  Vvx&sft  ^%^  ^^f^Qs^^^^^^^v^s^^^^qiLd 
hat  summer  at  the  top  o£  t\\e  'i:\\feod\i\«iYMft\ii^tQi.^  .^aA.\aajK^,^,'^.'S..,%sA.^^^ 
to  our  Museum  at  University  CoWege. 
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I  have  examined  niicroBOOpioally  elioea  cot  from  a  ilab  (about  6 
or  7  tentbe  of  an  inoh  in  tbiokneBs)  of  the  above  described  slaty 
terpentine,  collected  from  the  weetem  elopea  of  the  Gorner  Grat 
Both  were  cnt  at  rigbt  angles  to  the  fiat  surface,  one  along  what 
appeared  to  be  tbe  'dip' of  the oleftvage  and  tbe  other  witb  its 'atrike.' 
The  struoture  in  the  two  slices  diffen  little,  but  tbe  former  is  slightly 
more  streaky.  Tbe  rock '  oontists  almost  entirely  of  two  minerals. 
One.  forming  the  matrix,  oocnrs  in  small  translucent  flakes  or 
streaky  folia  of  a  very  pale  olive  colour ;  the  other,  an  iron  oxide,  in 
rather  small  black  grains  (Fig.  3).  The  former,  with  crossing 
Nicols,  resembles  a  streaky  felted  mass,  the  folia  varying  from  a 
rather  regular  to  a  lobate  or  irregular  outline.  Commonly  tbe  flakes 
lie  with  tbeir  longer  axes  parallel  with  tbe  oleavage-planes.     Ooca- 


Fio.  3. — Section  of  Stutj  SerpeatiiiB  from  near  the  eummit  of  Qorner  Grat.     X  50. 

sionally  the  mineral  exhibits  a  cleavage  like  a  mica,  parallel  to  which 
extinction  occurs,  and  these  also  lie  in  the  above  direction.  Hence 
the  Btide  as  a  whole  is  darkest  when  placed  with  the  boundary  of  tbe 
cleavage  surface  parallel  with  the  vibration  plane  of  either  Niool.* 
Tlien  a  darkish  field  is  speckled  by  irregular  granules  of  low  tints, 
white,  greyish,  or  yellowish.  It  is  brightest  when  the  same  lines 
are  equally  inclined  to  the  vibration  planes,  a  yellowish  lint  (yellow 
to  orange)  domioating.  In  this  position  the  streaky  interweaving 
of  the  mineral  flakes  is  more  conspicuous.  This  struoture  bears 
some  resemblance  to  tapestry  work  in  wool,  where  the  stitobes  are 
irregular  in  length  and  more  or  less  in  one  general  direction. 
DifBciilt,   however,   as    it    is    to    describe    the    appearance,    it    is 

■  The  hudneu  of  the  rock  is  between  3  and  3'6,  and  iU  3.0.  m2-67. 
'  Ponibly  the  mineral  maj  be  (in  part  at  lesit)  BnUgonte.    CI.  'Oae  ^»ccv^Iwn>,\ii. 
Tm}l'i  Britub  Petrography,  p.  113.    The  larger  &Bke&  xtl  xa^  j^^  lioaii  «i  Vtm.'i. 
diebroian,  but  it  it  imperceptible  in  the  emaUei . 
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familiar  to  all  students  of  rocks  modified  by  pressure  as  one  which 
occurs  when  a  mass,  composed  of  grains  of  fairly  uniform  sise  and 
strength,  has  been  much  oompressed.  The  component  grains  seem 
to  have  been  flattened  out  and  squeezed  together.  The  other  con- 
stituent, the  iron  oxide,  can  be  readily  seen  by  the  unaided  eye, 
forming  black  lines,  up  to  about  f  inch  in  length,  parallel  with  the 
rook  cleavage,  like  strokes  made  with  a  thick  pen.  These,  on 
microscopic  examination,  are  found  to  be  composed  of  grains  or 
granules,  more  or  less  aggregated  in  regular  lines,  and  usually  not 
exhibiting  a  crystalline  form,  but  being,  so  far  as  can  be  determined, 
rather  lenticular  in  outline.  Generally  they  are  black  and  perfectly 
opaque.  Sometimes,  however,  they  appear  slightly  transluoent  and  of 
a  brownish  tint,  and  the  adjoining  matrix  is  stained  with  the  same 
colour,  which  penetrates  for  some  little  distance  in  a  dendritic 
fashion.  There  can,  I  think,  be  no  doubt  that  these  represent  grains 
of  magnetite  or  possibly  chromite,  which  have  been  crushed  up  and 
arranged  by  pressure  in  their  present  form.  Once  or  twice  I  note 
lenticular  clusters  of  larger  and  more  definite  flakes  of  the  doubly 
refracting  mineral,  but  can  find  no  distinct  trace  of  a  pyroxenio 
constituent. 

At  one  spot  we  find  in  the  low  bosses  which  crop  out  from  among 
the  scattered  debris  two  rocks  in  association,  both  of  which  seem  to 
differ  from  the  serpentine.  The  one  is  a  dark  dull-green  chlontio 
rock  ;  the  other  a  taloose  rock  of  a  rather  pale  greyish  colour. 
The  hardness  of  the  former  is  about  2 ;  the  latter  is  still  softer,  being 
easily  scratched  with  the  finger-nail.  The  'chloritic'  rock  occurs 
in  a  series  of  irregular  reef-like  masses,  and  I  have  no  doubt  that  it 
is  intrusive  in  the  talcose,  though  both  evidently  have  been  modified 
by  pressure  and  greatly  altered  from  their  original  condition.*  Tlie 
former,  when  examined  under  the  microscope,  is  found  to  consist  of 
a  flaky  mineral,  apparently  belonging  to  the  chlorite  group,  with 
some  flakes  and  irregular  grains  of  an  opaque  iron-oxide,  and  (in 
the  junction-specimens)  an  occasional  grain  of  a  clear  rather  granular 
mineral.  The  chloritic  mineral  has  one  well-defined  cleavage 
like  a  mica;  it  is  moderately  dichroic,  showing  a  light  dull-green, 
with  vibrations  parallel  with  the  cleavage-planes,  and  a  very  pale 
straw  colour  with  vibrations  perpendicular  to  them.  The  dichroism 
is  more  marked  in  a  junction-specimen  (where  the  flakes  have  a 
more  distinctly  parallel  arrangement),  but  this  may  only  be  due 
to  a  difference  in  the  thickness  of  the  slides.  The  polarization  tints 
are  low,  but  rather  brighter  in  the  latter  specimen.  Extinction 
seems  generally  to  take  place  parallel  with  the  cleavage-planes,  but 
occasionally  there  is  room  for  doubt  on  this  point,  and  it  appears  to 
be  most  complete  at  a  very  small  angle  with  them.  In  the  junction- 
specimens  the  grains  of  iron-oxide  are  smaller,  and  more  distinctly 
linear  in  arrangement  than  in  the  other.  In  form  they  resemble 
hematite.  The  third  mineral  has  a  rather  granular  structure,  is 
eoiouriess,  and  gives  low  polarization  tints.    I  have  not  seldom  seen 

'  I  am  greatly  indebted  to  '^^T.  3 .  "Etdw, ^  .Q ,^.,  Vst  ^«c&fas^^^ask  ^Yss^sn^^Uch 
I  Lad  formed,  and  lor  mueh  additvoiial  ^otm^'cw.xi. 
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a  Biroilar   mineral  in   rocks   of  this   character;   it  has  a  general 
resemblance  to  zoisite,  but  I  cannot  venture  to  identify  it. 

I  am  indebted  to  the  kindness  of  Mr.  J.  G.  Chorley  for  a  bulk 
analysis  of  this  rock  (made  in  Professor  Ramsay's  laboratory  at 
University  College).     It  is  as  follows  (No.  I.) : 

No.  I.  No.  lU 

SiO,         =  28-92  28-66 

A1203        =  44-31  39-64 

FejOj       e  10-86  0-99 

FeO  =    2-93  2-87 

MgO         =    3-98  15-79 

CaO  =    trace  1-73 

NaaO        =    2-98)  ^.„ 

K2O         =    0-67f  ' 

Moisture  =    6-70  11*09 


100-36  101-27 

Specific  gravity  of  the  rock  2*81.  This  result  appeared  to  be  of  so 
much  interest  that  Mr.  Chorley  kindly  verified  it  by  a  partial  analysis 
of  another  sample,  and  obtained  SiO,=29-88,  AlgOj=43-56,  Fe,0,= 
10*65.  Thus  there  can  be  no  doubt  that  the  rock,  and  consequently 
its  chief  constituent,  has  an  unusually  low  percentage  of  silica  and 
an  unusually  high  one  of  alumina.  It  bears  macroscopically  and 
microscopically  a  very  close  resemblance  to  a  rock  desciibed  by 
myself  from  near  Rhoscolyn,  Anglesey,  and  an  analysis  of  that  rock 
made  by  Mr.  F.  T.  S.  Houghton  is  quoted  for  comparison  (No.  II.) ' 
The  analyses  present  considerable  resemblances :  the  ratio  of  the 
SiO,  to  the  AlsO,  is  but  slightly  different,  there  is  a  larger  amount 
of  water  in  the  Anglesey  rock,  and  a  smaller  amount  of  the  iron 
oxides.  This,  however,  may  be  explained.  The  first  is  strictly  a 
bulk  analysis,  not  so  the  second.  This  rock  contains  rather  con- 
spicuous octahedral  crystals  of  magnetite  (probably  containing  some 
Cr,Oj).  These  were  removed  because  the  analysis  was  made  to 
ascertain  of  what  mineral  the  matrix  was  composed,  and  what  was 
its  history.  The  most  marked  discrepancy  between  the  two  analyses 
is  the  amount  of  MgO,  which  indicates  the  presence,  in  the  Rhoscolyn 
rock,  of  a  mineral  richer  in  magnesia.  For  purposes  of  comparison 
let  us  denote  the  alumina  in  each  rock  by  100.  Then  we  have 
approximately.' 

No.  I.  (Gomer  Grat).  No.  II.  (Rhoscolyn). 

SiOj     =     65  72 

FeO     =       6-6  7 

MgO    =       9  39 

Hence  it  seems  to  follow  that  the  latter  rock  must  either  consist  of 
a  somewhat  different  mineral  or  contain  a  second  mineral  rich  in 
magnesia.  Still  both  analyses  seem  to  indicate  the  presence  of  a 
mineral  with  a  low  silica  percentage,  a  moderate  one  of  magnesia  and 
iron -protoxide,  and  a  very  high  one  of  alumina. 

1  Alflo  traces  of  CtjOs  and  MnO. 
»  Q.J.G.8.  Tol.  xxxyii.  (1881)  pp.  4^^-45. 

*  The  F02O3  IB  not  indicated  in  the  companaoii, \>ecsi\\sft  \  ^i^«^^  "Wkft^*^  ^V  >5^  N^ 
present  ia  No,  L  as  hemaUte.     Thus  it  will  not  Yi%\p  ua  lot  \Xift  ^t««wv\.  YMt^^-^ek. 
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What  then  is  this  mineral,  and  what  was  the  rook  origtnaHy  ? 

I  have  examined  a  oonaiderable  number  of  analyses  of  minerals 
which  have  a  general  reeemblanoe  to  that  dominant  in  the  aho?e 
described  rooks,  and  are  qaoted  in  Dana's  **  Mineralogy,"  Heddle's 
'*  Chloritic  Minerals,"  ^  and  other  works.'  Now  in  the  case  of  Um 
Oorner  Grat  rock  the  microsoope  shows  us  that  it  is  mainly  com- 
posed of  one  mineral.  Hence  the  composition  of  this  must  be 
roufi^hly  represented  by  the  bulk  analysis  of  the  rock  (omitting  most 
of  the  Fe,0,).  Therefore  the  mineral  cannot  be  pennite,  ripidolite, 
or  chlorite  (clinochlore),  i.e.  not  one  of  the  ohlontes  as  defined  by 
Professor  Heddle.  But  this  analysis  nearly  approaches  those  of 
ohloritoid,  given  by  him  (I.  and  11.)  except  in  the  presence  of 
alkalies  and  the  much  lower  peroenti^  of  FeO. 

III.»  IV.* 

BiO,  ...         24-47         ...         26-36        ...         2490         ...         24*40 

AljO,        ...        4134         ...         41-74         ...         4099         ...         42-80 


FeiO,        ...  -38        ...  3  89        ...  -65) 


I. 

II. 

24-47 

26-36 

4134 

41-74 

•38 

3-89 

18-62 

13-93 

•91 

•92 

•30 

•90 

6-80 

6-82 

— 

— 

— 

— 

6-98 

6-67 

19-17 


FeO  ...        18-62        ...        13-93        ...        24^28 

MnO 

CaO 

MgO         ...  6-80        ...  6-82        ...  833        ...  617 

KjO 

NajO 

HjO  ...  6-98        ...  6-67        ...  7'82        ...  6-90 


99-70        ...       100-41         ...       101-87        ...         99-44 

But  the  hardness  of  ohloritoid  is  5*5  to  6,  while  in  this  case  it 
is  about  2 ;  it  has  also  a  higher  specifio  gravity,  viz.  about  3*5. 
However,  there  can  be  little  doubt  that  it  is  very  nearly  related  to 
ohloritoid  and  a  member  of  Tsohermak's  *Clintonite'  group,*  which 
contains  this  mineral  with  Ottrelite,  Xanthopbyllite,  etc. 

I  have  not  been  more  sucoessful  in  endeavouring  to  ascertain  the 
original  nature  of  the  rock.  A  peridotite  is  obviously  out  of  the 
question ;  the  excess  of  the  alumina  over  the  silica  is  much  greater 
than  in  any  analysis  given  by  Roth.  If,  however,  we  suppose  that 
silica  has  been  removed  (perhaps  with  some  magnesia  and  lime), 
we  are  perplexed  at  the  percentage  of  alkalies,  which  is  about  that 
of  a  normal  basalt. 

The  adjacent  schist  adds  to  our  difficulty.*  Its  softness  and 
microacopio  structure  justify  us  in  regarding  it  as  a  talc-schist  and 
the  field  evidence  is  in  favour  of  its  being  only  an  altered  condition 
of  the  slaty  serpeutine.  This  was  my  own  opinion  at  the  time, 
and  Mr.  Eccles,  who  kindly  undertook  to  re-examine  the  question, 
informs  me  that  though  the  change  from  the  one  rock  to  the  other 
is  abrupt,  this  conclusion  appears  the  more  probable.^     To  convert 

*  Trans.  Royal  Soc.  Edin.  vol.  ixii.  (1879)  p.  66. 

'  I  am  indebted  to  Miss  C.  A.  Raisin  for  much  help  in  this  search. 

'  Analysis  of  Ohloritoid,  Tschermak  and  Sipocz,  Sitz.  k  k.  Akad.  Wiss.  1879. 

*  Analysis  of  '  Sismondine '  from  Zermatt,  Des  Cloiseaux,  Bull.  Soo.  Min.  toI.  vii. 
p.  80.  *  Loc.  eit. 

*  Curiously  enough  there  \a  a  %\tKiX'BX  ««wi<aBL>MstL  Ss^  i^^l<wAy^  Q.J.6.S.  fol. 

xxzri'i    p.  44.  „       ^'w^Ti.x     -t^^^ 

'  After  microscopic  exMnvn&tioiL  oi  a  «^wanwwL  <itt\«ft\i8^\i^  ^»x.^««^sft^X"^ss^ 
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I  scbisty  serpentine  into  a  talc-scbist,  either  much  SiO^  must  be  added 
>r  mucb  MgO  removed.  Tbe  condition  and  struoture  of  tbe  rock 
L8  not  favourable  to  tbe  former  explanation  ;  it  seems  more  probable 
that  the  alteration  has  been  by  a  'leaching  out'  of  the  magnesia. 
[t  is  therefore  difficult  to  understand  the  reason  of  such  di£ferent 
sbanges  in  two  adjacent  rocks,  unless  it  be  that  an  aluminous  silicate 
more  readily  parts  with  its  silica,  and  a  msignesian  silicate  with  its 
magnesia,  in  favour  of  which  there  is  some  evidence.  At  present, 
however,  I  think  it  safer  to  restrict  myself  to  calling  attention  to 
the  facts. 

Other  specimens  of  slaty  serpentine  in  my  collection  exhibit  a 
structure  like  that  described  above.  For  instance  in  one  from  the 
western  side  of  the  Col  di  Vallante  (Cottian  Alps),  which  is  extremely 
fissile  and  of  a  distinctly  green  colour,  the  microscopic  structure  is 
yet  more  minute,  the  rock  more  fisnile  (for  it  splits  up  in  grinding), 
but  the  slice  gives  higher  polarization  tints.  This  also  exhibits  an 
occasional  bending  or  *  rucking  *  of  the  '  foliation,'  which  sometimes 
has  produced  a  *  strain-slip '  cleavage.  Another  specimen,  from 
near  Verrex  (at  the  opening  of  the  Val  d'Ayas),  exhibits  a  like 
structure,  but  in  it,  I  think,  a  little  enstatite  has  been  present  In 
one  less  conspicuously  fissile,  from  the  junction  of  glens  at  the  head 
of  the  Val  Malenco,  enstatite  and  augite  are  certainly  present. 
Sometimes  the  latter  mineral  is  crushed  to  a  powder,  which  h&R 
a  rather  dusty  aspect,  while  the  larger  granules  exhibit  the  bright 
tints  customary  in  augite.  Here  and  there  a  characteristic  fragment 
of  that  mineral  can  be  found,  and  we  may  note  that,  though  the 
pressure  has  been  very  great,  it  remains  augite,  and  has  not  been 
altered  into  hornblende.^  This  variety  of  serpentine  must  exist  in 
some  part  of  the  massif  in  the  region  of  the  Gomer  glacier,  for  I 
collected  several  years  since  a  specimen  on  one  of  its  moraines, 
of  which,  as  I  had  some  doubt  as  to  the  true  nature  of  the  rock, 
I  examined  a  slide.  Here  the  matrix  is  less  completely  crushed 
than  in  the  specimens  described  above,  and  there  is  a  large  amount 
of  this  granular  pulverized  augit«  (at  least  I  identify  it  with  this 
mineral  after  comparison  with  the  better  preserved  examples  in  the 
last-named  slide).  Specimens  from  other  parts  of  the  Alps  exhibit 
both  varieties  of  serpentine,  and  the  e£fects  of  less  severe  pressure ; 
but  on  these  it  is  needless  to  enlarge. 

It  has  been  suggested  that  the  streaky  structure  which  is  rather 
conspicuous  in  some  of  the  Lizard  serpentines  {e,g,  a  variety  on 
Gk)onhilly  Downs  and  a  common  type  at  Porthalla*)  may  be  due  to 
pressure.'  Applying  tbe  knowledge  obtained  in  the  present 
investigation,  I  may  venture  to  express  the  opinion  that  these  Cornish 
rocks   have  not  been   materially  affected   by  pressure  since  they 

there  caD  be  little  doubt  the  rock  is  an  altered  serpentine.  The  dominant  mineral  has 
all  the  characters  of  talc,  bat  there  are  several  grains  of  calcite  which,  bj  their  mode 
of  occorrenoe,  suggest  replacement  (?  of  aug[ite). 

^  There  are  however  not  a  few  minute  ^ains  of  a  honej-brown,  somewhat  dichroic, 
siineral  which  may  be  a  variety  of  hornblende. 

«  Q.J.G.8.  vol  xxxiz.pp.  21-23. 

«  OxoL.  Mao,  Deo.  III.  Vol.  IV.  p.  137. 
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became  serpentines.  It  might,  however,  still  be  affirmed  that  they 
were  crushed  as  peridotites  and  were  afterwards  converted  into 
serpentines.  I  possess  only  one  ppecimen  of  a  peridotite  modified 
by  pressure,  but  this  lends  no  support  to  that  hypothesis,  and  the 
structure  of  the  accidental  constituents  in  the  Cornish  serpentinei 
does  not  appear  to  suggest  it,  so  that  I  think  we  must  seek  for  some 
other  explanation. 

It  results  then  from  this  investigation  that  in  a  large  nnmher 
of  cases  the  direct  e£feot  of  *  dynamometamorphism '  on  a  serpentine 
is  not  to  produce  any  marked  mineral  change,  but  only  to  redaoe 
the  magnitude  of  the  constituents  and  to  impress  upon  them  a  linear 
arrangement,  more  or  less  marked.  Under  ordinary  circnmstanoei 
it  does  not  appear  to  generate  one  of  the  soft  unctuous  taloose  schists, 
though  such  a  change  sometimes  occurs.  This,  however,  must  be 
accompanied,  as  stated  above,  by  considerable  chemical  alteration, 
because  in  olivine  or  serpentine  (and  in  the  rocks  mainly  composed 
of  these  minerals)  the  silica  and  the  magnesia  are  nearly  equal  in 
amount ;  while  in  talc  the  former  is  about  double  that  of  the  latter. 
There  is  also  a  lower  proportion  of  H,0.  Perhaps,  in  such  casea, 
some  local  cause  may  have  given  to  the  water  a  more  distinctly 
solvent  action. 

III. — A  Revision  of  thb  Group  of  Nautilus  elegaxs,  J.  Sowkrbt. 

By  Akthur  H.  Foord,  F.G.S.  ; 

AKD  6.  C.  Crick,  Absoc.R.S.M.,  F.6.S., 
Assistant  in  the  Geological  Department,  British  Museum  (Nat.  Hist.). 

OWING  to  the  defective  character  of  Sowerby's  description  and 
figure  of  Nautilus  elegantt,  the  latter  has  been  variously 
interpreted,  specimens  belonging  to  other  species  having  been 
frequently  referred  to  it.  In  the  present  paper  we  shall  show  what 
is  the  true  N  elegans,  tracing  the  history  of  the  type-specimen, 
which  we  have  been  fortunate  enough  to  identify  in  the  collection 
of  the  British  Museum.  This  done,  we  shall  proceed  to  describe 
three  other  species,  viz.  N.  elegantoides,  d*Orbigny,  N,  AtlaSf 
Whiteaves,  and  N.  paeudoelegans,  d'Orbigny,  all  evidently  allied  to 
N.  elegnns,  and  forming  with  it  a  group  of  species  which  may  be 
appropriately  called  the  **  Group  of  Nautilus  elegans.'* 

The  identity  of  Nautilus  elegans,  J.  Sowerby,  has  hitherto  been 
completely  mistaken,  owing  to  the  uncertainty  existing  as  to  the 
true  character  of  Sowerby's  fossil,  the  type  of  which  had  not  been 
recognized. 

The  following  is  Sowerby's  description  of  this  species  :  "  Gibbose, 
umbilicate,  with  numerous  linear,  reflexed  radiating  sulci.  About 
two-thirds  as  thick  as  wide ;  the  septa  are  rather  numerous,  gently 
waved ;  the  aperture  is  obtusely  sagittate,  with  the  posterior  angles 
truncated  ;  umbilicus  small,  perhaps  closed."  Respecting  the  type- 
specimen  Sowerby  states,  "This  fine  specimen  was  found  in  the 
chalk  marie,  at  Kingmer  in  Sussex,  in  1814,  by  Mr.  Man  tell." 

It  is  undoubtedly  Sowet^a-j'^  \,^\^-%>^\m«w  >n\\\^Vv  M.tvutell  figures 
in  his  FoBsils  of  the  8o\xt\i  I>ovj\x^,  VaJo,  t.^.  ^^.  \^  ^xA  ^\iv^V^ 
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states  *'  was  discovered  in  a  marl  bank  at  Middlebam,  in  the  winter 
of  1814." 

The  apparent  discrepancy  between  these  two  localities  is  explained 
by  Manteirs  remark  on  page  100  of  the  work  jast  quoted,  viz.  that 
"  a  low  bank  at  Middleham  in  the  parish  of  Ringmer,  near  the  seat 
of  the  Rev.  J.  Constable,  contains  Hamites,  Turrililes,  Nautilites, 
Ammonites  and  Inocerami,^* 

There  is  in  the  British  Museum  (Natural  History)  a  specimen 
from  Dr.  ManteH's  collection,  bearing  an  old  label  in  faded  ink, 
to  the  following  effect : — "  Nautilus  elegans,  Min.  Con.  pi.  116,  .... 
Chalk  Marl Estate  of  Rev.  J.  Constable,  Ringmer." 

On  comparing  this  fossil  with  the  figures  of  Nautilus  elegans  given 
by  Sowerby  ^  and  Mantell,'  no  doubt  can  be  entertained  as  to  its 
identity  with  them.  The  figures  have  been  restored  to  some  extent, 
but  not  in  such  a  way  as  to  disguise  altogether  the  characters  of  the 
fossil.  The  foreshortening  of  the  figure,  a  practice  often  indulged 
in  by  Sowerby,  added  not  a  little  to  the  difficulty  of  realizing  the 
form  of  the  shell.'     Moreover,  Sowerby's  figui'e  is  reversed. 

An  exact  drawing  of  the  fossil  is  here  given  (Fig.  1,  p.  548), 
which  is  intended  to  supply  the  deficiencies  of  Sowerby's  figure, 
and  render  the  species  more  easily  recognizable. 

Having  identified  Sowerby's  type-specimen,  it  will  now  be  useful 
to  notice,  on  the  one  hand,  those  species  which,  being  in  reality 
N  eleganSt  have  had  some  other  name  erroneously  applied  to  them, 
and,  on  the  other  hand,  those  species  which  have  been  wrongly 
named  N  elegans.  Sharpe  has  fallen  into  both  these  errors.  His 
Nautilus  elegans  *'  is  not  that  of  Sowerby,  but  a  much  wider  and 
thicker  shell,  with  closed  umbilicus  and  the  siphuncle  above  the 
centre.  The  specimen  which  he  figured  as  Nautilus  psendoelegans  • 
is  now  in  the  Museum  of  the  Geological  Society  of  London,  and  an 
examination  of  the  fossil  leaves  no  doubt  whatever  that  it  is  identical 
with  Sowerby's  type  of  N  elegans,  as  Sharpe's  figure,  which  is  fairly 
accurate,  had  indeed  led  one  to  conclude. 

The  source  of  this  confusion  is  easily  explained.  Sharpe  has 
relied  upon  d'Orbigny's  descriptions  of  the  Chalk  Nautili,  in  which 
the  definition  of  N  elegans  (Pal.  Frang.  Terr.  Cr6t  1840,  t.  1,  p.  87) 
departs  so  widely  from  Sowerby's,  as  to  show  that  d'Orbigny's  fossil  • 
was  distinct  from  the  latter. 

Dr.  Paul  Fischer,  of  the  Museum  of  Natural  History,  Paris,  with 
very  great  kindness,  sent  to  one  of  us  the  original  specimen  figured  by 

'  Min.  Conch.  toI.  ii.  1816,  p.  33,  pi.  cxyi. 

*  Foflsils  of  the  South  Downs;  or  illustrations  of  the  Geology  of  Sussex,  p.  112, 
pi.  XX.  f.  1  (not  pi.  xxi.  ff.  1,4,  8). 

'  This  has  been  a  stumbling-block  to  many.  F.  B.  Meek  (United  States  Geol. 
Suit.  Terr.  vol.  ix.  1876,  p.  500,  footnote)  says : — **  his  [Sowerby's]  single  figure 
being  an  oblique  view  does  not  show  the  form  of  the  aperture." 

*  '*  Description  of  the  Fossil  Remains  of  MoUusca  found  in  the  Chalk  of  England '' 
(Mon.  Pal.  Soc),  1853,  pt.  i.  Cephalopoda,  p.  12,  pi.  iii.  f .  3 ;  pi.  iv.  f.  1. 

*  Jbifi.  p.  13,  pi.  iv.  figs.  2a,  2b. 

*  D'Orbigny's  A^.  tlegam  will  now  be  known  lis  Nautiltu  AtW,  ^ xvasaa -^x^-^qrr^ 
iorit  by  J.  F.  Wbiteaves  (tee  post,  p.  550). 
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d*Orbigiiy  under  the  name  NaHtilui  elegan$  (Pal.  Fran^.  Terr.  Cret 
1840,  torn.  L  p.  87,  pi.  xiz.),  thus  enabling  us  to  observe  th« 
di£ference  between  the  latter,  as  interpreted  by  d'Orbigny,  and  th« 
true  Nautilus  eUgaru  of  Sowerby  (see  Fig.  1). 

Along  with  the  figured  type  of  Naulilug  eUgan$,  d'Orbigny,  kindly 
lent  by  Dr.  Fischer,  is  one  whioh,  though  sent  as  an  example  of  that 
species,  di£fers  materially  from  d'Orbigny's  shell,  its  form  being 
much  more  oompressed,  and  the  sutures  closer  together  and  more 
curved  than  those  of  the  latter.  These  characters  unite  it  with  the 
a.  elegans  of  Sowerby,  and  it  is  interesting  to  find  this  species 
occurring  in  France.  Dr.  Fischer  states  that  the  French  specimea 
is  fn)m  the  Cenomanien  (Lower  Chalk). 

Piotet  and  Campicbe,*  writing  in  1859,  give  no  figures  of 
N.  elegam,  but  they  recapitulate  its  characters  (p.  117),  saying, 
however,  that  its  umbilicus  ia  '*  tr^-grand,'*  whereas  Sowerby 
describes  it  as  *'  small,  perhaps  closed."  On  the  same  page  of  their 
work  these  authors,  referring  to  MantelFs  figure  of  N.  elegana,  say 
that  it  probably  represents  a  different  species ;  but  it  is  in  truth  a 
figure  of  the  same  specimen  as  that  which  formed  the  subject  of 
Sowerby's  figure  in  the  '*  Mineral  Conchology." 

In  1866  Stoliczka,'  referring  to  the  Indian  Cretaceous  apecimens, 
identified  by  Blauford  as  Nautilus  elegans,  states  that  they  *'  agree  well 
with  the  European  [form],  and  the  external  position  of  the  siphancle 
can  be  often  noticed  on  fi-agments  in  our  collection."  The  **  external 
position  of  the  siphuncle  "  and  the  general  form  of  the  shell  would 
associate  the  Indian  species  with  d'Orbigny's,  were  it  not  that  the 
ribbing  in  the  latter  appears  to  be  finer,  and  the  French  form  is, 
perhaps,  on  the  whole,  somewhat  thicker  than  the  Indian.  As  we 
have  been  able  to  examine  only  the  single,  badly -preserved  youug 
example  of  the  latter  which  is  in  the  British  Museum,  we  cannot  say 
whether  d'Orbigny's  fossil  is  or  is  not  identical  with  Blanfonrs. 

In  1876  Dr.  Clemens  Schliiter,^  in  describing  a  new  species  of 
Nautilus,  which  he  designates  iV.  Sharpei,  remarks  upon  the  dis- 
tinctness of  the  Nautihs  elegans  of  d'Orbigny  and  Sharpe  from  the 
N  elegans  of  Sowerby. 

Meek,  in  association  with  Hayden/  described  in  1862  an  American 
fossil  as  N  elegans,  var.  Nebrascensis. 

Not  satisfied  with  Sowerby's  imperfect  description  and  fore- 
shortened figure,  Meek*  adopted  with  some  hesitation  Sharpens  inter- 
pretation of  Nautilus  elegans,  and  in  1876,  after  reconsideration,  he 
gave  up  the  varietal  name  on  account  of  the  resemblance  of  his  form 
to  the  N.  elegans  of  Sharpe,  which  he  naturally  supposed  to  l>e 
identical  with  Sowerby 's  species.     Ho  evidently,  however,  had  bis 

1  Description  des  Foss.  da  Terr.  Cr6t.  Enyirons  de  Sainte-Croix  (Pal.  Suisse), 
B^r.  ii.pt.  i.  1859,  pp.  117,  136. 

^  Mem.   Qeol.    Surrey  India — Pala^ont.  Indiea — I.  CretaceouB  Cephalopoda  of 
Southern  India,  186J,  p.  209. 

s  Cephalopoden  der  oberen  deutschen  Ereide,  Abth.  ii.,  PalaBontographica,  1876, 
Band  ixiv.  (61)  \7\,  Tai.  x\v\.  tt.  5-7. 

*  Proceed.  Acad.  Nat.  Sc\.  P\k\\BAe\ip\tt«s'V^^*i.>'^^V'«^v^.^.'i-^- 
»  United  States  Geol.  Sm^.  Tw.  Ul^,  ^o\. S2l.  \i^.  Vi'i-WiV. 
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doubts  about  the  oorrectness  of  Sharpe's  identifioation  of  the  speoies 
in  question ;  for,  after  describing  the  American  form,  he  remarks  that 
he  believes  the  latter  ''will  be  found  to  agree  so  closely  with 
Sowerby's  species,  that  there  may  be  no  necessity  for  separating  it, 
even  as  a  variety — that  is,  if  Mr.  Sharpe's  illustrations  can  be  relied 
upon."  He  continues,  *•  From  Sowerby's  application  of  the  words 
'  indistinctly  sagittate,'  however,  to  the  aperture,  it  would  seem  that 
Lis  type-specimen  must  be  much  more  compressed  than  ours,  which, 
as  already  stated,  agrees  well  with  Sharpe's  figures  in  form.  As 
Sharpe  ought  to  have  been  well  acquainted,  however,  with  Sowerby'8 
species,  I  infer  that  the  latter's  original  type  may  have  been 
accidentally  compressed."  It  will  be  seen  from  this  quotation  that 
Meek  was  not  quite  satisfied  in  his  mind  as  to  the  identity  of  Sharpe's 
species  with  Sowerby's.  He  comments  upon  the  retention  by  Pictet,^ 
and  also  by  Blanford,'  of  the  name  Nautilits  elegans  for  d'Orbigny's 
type ;  and  remarks  that  '*  if  iV.  elegana,  d'Orbigny,  is  specifically 
distinct  from  the  previously  published  N.  elegans,  Sowerby  (which 
seems  very  probable),  of  course  d'Orbigny's  shell  will  have  to 
receive  some  other  name,  as  two  species  of  the  same  genus  cannot 
retain  the  same  name."  The  required  name  has  been  supplied  by 
Mr.  Whiteaves,'  who  proposes  to  call  d'Orbigny's  fossil  Nautilus 
Atlas. 

Judging  by  Meek's  careful  description  and  admirable  figures  of  the 
American  form,  it  appears  to  be  distinct  from  N.  elegans,  Sowerby,  and 
also  from  d'Orbigny's  and  Sharpe's  N,  elegans,  which  have  been  re- 
named N.  Atlas.  Although  Meek's  form  has  undoubted  affinities  with 
the  last-named  species,  it  differs  in  having  a  much  wider  shell,  an  open 
though  small  umbilicus,  at  least  in  the  adult,  and  the  siphuncle 
somewhat  nearer  the  centre.  On  the  whole,  it  is  more  like  the  Indian 
form  already  mentioned  than  the  French  form,  N.  Atlas. 

Regarding  Meek's  form — N.  elegans,  var.  Nebrascensis — Mr. 
Whiteaves*  expresses  the  following  opinion  : — that  "  the  description 
of  the  Nebraska  fossil  ....  accords  much  better  with  that  of  N. 
Atlas  (nobis)  than  with  Sowerby's  diagnosis  of  his  iV.  elegans. 
The  globose  shape,  together  with  the  position  of  the  siphuncle  in 
the  American  shell,  are  in  favour  of  this  view,  but  it  is  possible  that 
the  varietal  name,  proposed  by  Mr.  Meek,  may  have  to  be  raised  to 
specific  rank,  as  the  sculpture  of  the  so-called  *  variety  Nebrascensis* 
is  said  to  consist  of  ribs  which  are  '  five  times  as  broad  as  the 
grooves  between,'  and  in  this  respect  it  differs  from  N.  Atlas,  as 
well  as  from  allied  species." 

It  is  due  to  Mr.  Whiteaves  to  observe  that  he  arrived  at  the  con- 
clusion, from  a  careful  study  of  the  descriptions  of  the  species,  that 
the  Nautilus  elegans  of  d'Orbigny  and  of  Sharpe  was  distinct  from 

*  Descr.  des  Foss.  du  Terr.  Cret.  de8  Environs  de  Sainte- Croix  (Pal.  Suisse),  s^r. 
il  pt  i.  1859,  p.  117. 

*  Mem.  Geol.  Surr.  India— PaljBont.  Indica  — I.  Cretaceous  Cephalopoda  of 
Southern  India,  1861,  p.  29  ;  Ibid.  1866,  p.  209. 

*  Geolojgica]  Sarvey  of  Canada — Mesozoic  FosaWa,  \%1^,  ^q\.  V.  '^X..  v  '^^  VV« 

*  Md.  p.  18. 

MOiM»  wn—.wat^  Vn.— KG.   XII.  "^^ 
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the  N.  elegauM  of  Sowerby,  before  he  mm  aware  that  Piotet'  hid 
already  pointed  this  ouL 

With  Sowerby*8  Nautilu$  elegan9  has  often  been  oonfoanded  the 
Nauiilui  p$eudoelegan$  of  d'Orbigny.  The  true  characters  of  the 
latter  species  we  have  been  able  to  obserre  from  two  speciineiii, 
which  Dr.  Paul  Fischer,  of  the  Museam  of  Natural  History,  Paris, 
very  kindly  sent  to  one  of  us  from  the  d'Orbigiiy  collection.  One 
of  these  is  figured  in  Fig.  3.  llie  species  is  readily  distinguished 
from  Nauiilus  elegans  by  its  much  thicker  and  more  robust  fornit 
closer  septa,  the  position  of  its  siphunde,  and  the  coarser  character 
of  its  ornaments.  It  is  also  met  with  at  a  lower  horizon,  both  in 
£ngland  and  France,  than  Sowerby's  species.  From  N,  AtUu  it 
differs  in  the  broader  periphery,  open  umbilicus,  closer  septa,  and 
position  of  its  siphuncle,  which  is  near  the  inner  margin  of  the  septs, 
instead  of  the  outer,  as  in  N,  dtla$.  The  ornamentation  of  the  test 
is  also  much  finer  in  the  latter  than  it  is  in  the  present  species. 
The  iV.  p9€Hdoelegan$  referred  to  by  English  geologists  is  probablj 
that  of  Sharpe,  which  has  been  shown  above  to  be  Sowerby's  N, 
deganB. 

According  to  MM.  Pictet  and  Caropiche'  N.  p$eudoelsgan$  presents 
some  variations  in  the  Sainte-Croix  specimens,  those  authors  dis- 
tinguishing four  distinct  types,  of  which  they  give  figures  (plates 
xiv.  and  xiv.  his  of  the  work  cited  above).  The  first  of  these  types, 
which  is  from  Yonue,  is  remarkable  for  the  smoothness  of  the  test 
in  the  young  shell;  the  second,  from  Saiute-Croix,  differs  very 
little  from  the  first,  being  only  slightly  more  compressed,  llie 
third  type  scarcely  differs  at  all  from  the  two  preceding  ones.  In 
the  fourth  some  slight  variations  in  the  position  of  the  siphuncle 
are  noticed.  In  the  Indian  examples  of  the  present  species  figured 
by  Blanford  the  ribs  are  much  coarser  than  they  are  in  the 
English  specimens,  and  indeed  on  comparing  the  specimens  from 
the  d'Orbiguy  collection  with  Blanford  and  Stoliczka's'  figures  and 
descriptions  there  is  reason  to  doubt  the  identity  of  the  Indian 
with  the  European  forms,  although  the  two  forms  are  nearly  related. 
Blanford*s  description  of  the  species  is  as  follows  : — "  Shell  inflated, 
evenly  rounded,  ornamented  with  numerous  sulcations  generally 
visible  on  the  cast.  Ventral  area  broad  and  rounded.  Umbilicus 
impressed  and  very  small  in  the  oast ;  the  perforation  not  exceeding 
•sV  of  the  diameter  of  the  shell.  The  sulcations  rather  variable  in 
width,  narrow  on  most  specimens,  forming  a  very  obtuse  angulation 
on  the  median  ventral  line,  whence  the  sulci  curve  forward  towards 
the  umbilicus  (generally  becoming  obsolete  on  the  sides  of  the  cast), 
and  forming  a  very  slight  flexure  towards  the  umbilicus.  Aperture 
orbicular;  septa  numerous,  about  22  to  the  whorl,  the  margins 
[sutures]  slightly  flexuous  at  the  sides,  straight  or  slightly  convex 

^  DeecT.  defl  Fobs,  du  Terr.  Cr6t.  des  EnviroiiB  de  Sainte-Croix  (Pal.  Saiase}, 
s6r.  ii.pt.  i.  1869,  p.  117. 
»  J6id,  pp.  123-128. 

'  Mem.  Geol.  Surv.  oi  India— "^fl^wsoiA.  \Ti^'c»r— \.  ^:rN\MW3iQ&  ^^A?^i2kSSM^  of 
Southem  India,  p.  33,  p\.  xVu.  I.  ^,^\.  vim.ft..^,^,'i\>,\VT^.^.'KL.^.\,\^ 
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16  ventral  region."     The  sipbancle  was  subsequently  to  this 
ription  ascertained   to   be    *' rather  approaching   to   the  inner 
rin  of  the  septa."  * 
le  principal  feature  in  which  the  Indian  differs  from  the  European 

1  lies  in  the  more  narrowly  rounded  periphery,  and  altogether 
robust  habit  of  the  shell,  next  in  the  smaller  umbilicus,  and, 
y,  in  the  character  of  the  ribbing,  which  seems  to  have  been 
ser  in  the  Indian  than  it  is  in  the  French  form.      Blanford's 

2  (Joe.  ciL  pi.  xix.)  certainly  gives  one  the  impression  of  being 
of  a  much  narrower  shell  than  d'Orbigny's  type.  As  all  the 
imens  in  the  Indian  Survey  Collection  are  stated  to  be  oasts,  it 
9t  surprising  that  their  characters  (especially  the  ornaments  of 
test)  should  not  have  been  very  satisfactorily  made  out 

be  four  species  comprised  in  the  group  of  Nautilui  elegans,  J. 
erby,  will  now  be  described,  beginning  with  the  typical  form, 
have  confined  ourselves  to  those  few  references  in  which  the 
ies  C€ui  be  verified  by  means  of  adequate  descriptions  and 
res. 

Nautilus  elroans,  J.  Sowerby. 

.  Ifautilus  elegant,  J.  Sowerby,  Min.  Conch.  toI.  ii.  p.  33,  pi.  czTi. 

.  Nautilus  elegant,  Mantell,  The  Fossils  of  the  South  Downs ;  or,  IllortratioiiB 
of  the  Geology  of  Sussex,  p.  112,  pi.  xx.  fig.  1  (not  pi.  xxi.  figs.  I,  4,  8). 

.  NautiUt  eUgans^  Quenstedt,  Die  Cephalopoden,  p.  67,  Tab.  ii.  fig.  7 
(reduced  from  Sowerby's  figure  in  the  Min.  Conch,  pi.  cxvi.). 

.  Nautilut  p$eudoelegan»y  Sharpe,  Description  of  the  Fossil  Remains  of  Mollusca 
found  in  the  Chalk  of  England  (Mon.  Pal.  Soc.),  pt.  1,  Cephalopoda,  p.  13, 
pi.  iv.  figs.  2a,  2h  (not  pi.  iii.  fig.  3,  nor  pi.  It.  fig.  1). 

'2.  Nautilus   elegant^    Geinitz,    Palaeontographioa,    Band    xx.    pt.  ii.   "  Daa 

Elbthalgebirge  in  Sachsen,''  pt.  ii.  p.  181,  Taf.  xxxii.  fi^.  6. 
1840.  Nautilus  eUgans,  d*Orbigny,  Pal^ontologie  Fran9aise,  Terrains  Cr6t. 
tome  i.  p.  87,  pi.  xix. — 1850.  Aautilus  eUgans,  d'Orbigny,  Prodr.  de  Pal^ont. 
Stratigr.  tome  ii.  p.  145. — 1853.  Nautilus  elegansy  Sharpe,  Description  of  the 
Fossil  Remains  of  Mollusca  found  in  the  Chalk  of  England,  pt.  i.  Ceph., 
Mon.  Pal.  Soc.  p.  12,  pi.  iii.  fig.  3  ;  pi.  iv.  fig.  1. — 1861.  Nautilus  elegant, 
Blanford.  Mem.  Geol.  Sur?.  India —Palseontologia  Indioa— I.  Cretaceous 
Cephalopoda  of  Southern  India,  p.  29,  pi.  viii.  fig.  4  ;  pi.  xri.  figs.  1-4. — 
1866,  Nautilus  elegans,  Stoliczka,  Mem.  Geol.  Sunr.  India — Palseont.  Indica, 
I.  Cretaceous  Cephalopoda  of  Southern  India,  p.  209.— 1876.  Nautilus  elegans, 
Meek,  Rep.  United  States  Geol.  Surr.  Terr.  toI.  ix.  p.  499,  pi.  riiL 
figs.  2€h-e,] 

Specific  Characters. — '*  Gibbose,  umbilioate,  with  numerous  linear, 
3xed,  radiating  sulci.  About  two- thirds  as  thick  as  wide ;  the 
A  are  rather  numerous,  gently  waved ;  the  aperture  is  obtusely 
ittate,  with  the  posterior  angles  truncated;  umbilicus  small, 
naps  closed."    {J.  Sowerby,) 

L  more  exact  description  of  the  species  may  be  given  as  follows : 
lell  inflated,  somewhat  flattened  upon  the  sides,  rather  narrowly 
aded  upon  the  periphery ;  whorls  deeply  embracing.  Umbilicus 
11.  Septa  moderately  distant  from  each  other,  being  1^  inches 
rt  upon  the  periphery  in  the  type-specimen,  where  the  height  of 
whorl,  measured  from  the  umbilicus,  is  about  4^  inches.     Th^ 

Stdliczka,  Mem.  Geol  Surv.  of  India— Pa\®OTil.lu^cak—\.^t^\w»»^»^«^^^sb^^ 
of  Southern  India,  p.  210,  pi.  xciii.  i.  Z. 
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■utnrm  are  best  backwards  in  a  broad  ainai  on  the  aidea  of  Ik 
■bell,  and  are  nearly  atraigbt  on  the  peripbery.  Siphunola  bM 
its  own  diameter  below  tlie  oentre.  OmameDtB  of  tba  teat  (tjp^ 
apecimen)  oooaistini^  of  regular,  trvDRTerae,  prominent  riba  (flatteaid 
in  casta),  aeparatetl  by  interHpaces  about  balf  the  width  of  tba  rib% 
occasionatly  bifurcating ;  about  aeven  of  tha  ribs  are  contained  ■ 
the  Bpaoe  uf  an  inch ;  they  arc  curved  aigmoidalJy  od  the  aidea  d 
the  ahell,  and  form  a  deep  ainua  upon  the  periphery. 


JTuMi/ni  ft/jam. — n,  lalrral  vipw  of  a  cnet.  nhowiofc  the  cuturea  aod  ribbia;; :  Ihf 
Dnibilicus  u  panlv  Kllt-d  nith  the  mutrii :  6,  front  view,  plioiving  tbr  [Hn-itimi  of 
the  fiphuncle.  bra«a  from  Soworby'i  lYpv-spt-cirura  (Xii.  ji6Il)  contaiDMl  in 
the  Briliab  UuMum,     A  little  mure  tban  ane-third  nalural  iiiie. 

Bentarki. — English  specimens  of  this  species  are  usnalty  in  a 
compressed  and  distorletl  oondition ;  but  there  is  a  specimen  in  the 
Vrilish  Museum  Collection  (No.  C-  ■^7),  which  it  quite  nnconipres>«il 
and  shows  the  characters  of  the  species  admirably — sutures, 
Hiphuncle,  etc.  The  largest  specimen  we  have  seen  measures 
alxiut  one  foot  in  its  greatest  diameter,  and  in  its  greatest  breaJlh 
about  6^  inches. 

Abilities  and  Differeneei. — Nattlilni  elegans  is  allied  to  2f.  psmdo- 
tUifi^ni,  d'Orb.,  but  differs  from  it  in  having  a  much  more  compressed 
form  and  finer  ribbin}:;.  N.  Atlnt,  Whiteaves,  is  a  more  inflsleil 
Itliell,  and  has  the  siphuncle  near  the  periphery.  X.  elegantoidei, 
d'Orb.,  differs  from  N.  ilegnns  in  the  more  (juadrale  section  of  its 
whorls,  in  having  the  sijihuncle  nearer  the  inner  (dorsal)  margin 
and  the  riba  straighter  on  the  sides  of  the  shell  and  more  frequeall/ 
eubilivided. 

HaraoH  and  LoeaUtg. — Lower  Chalk.  Folkestone,  Kent ;  Bingmtr 
and  Letvea,  ijussex ;  Veutuot,  Isle  of  Wi^ht ;  Cliffe  Anstey,  Wilt- 
Bhiro, 
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Nautilus  kleoaktoidis,  d'Orbigny. 
1640.  Naulibu  titgamteiia,  d'Oibigay,  Falfontologie  Fran<;aisa,  Temiiu  Crftacfs, 

tome  i.  p.  86. 
'  8p.  Char. — TUia  speoiei  is  briefly  described  by  d'Orbigny  (Joe.  eii.) 
[n  the  following  paragraph  : — "  II  parait  dono  couataat,  d'apr^B  les 
observations  dea  g^ologues  et  d'apr^  mea  obeervatioaB  personelleB, 
qae  1e  NaMtliu  elegant  est  Bp6oial  aux  couohea  dee  oraies  tufau ;  car, 
toua  lea  frngmensque  j'airecaeillis  dans  la  grls  vert  de  laNormandie 
(Vaobea  noires),  me  portent  tl  croire  qu'il  y  existe  encore  une  anln* 
Mp^ce  voiaine  de  Velegant,  tnaia  bien  plus  ^troite,  et  &  siphon  plus 
median,  que  j'ai  nomin^  Jfauiiltu  eltganloidei,  mais  je  ne  la  possfide 
pas  aasez  oompt^te  pour  la  caraoterieer  nettement." 

Remarks. — As  no  mention  ie  made  of  this  species  by  d'Orbigny  in 
])ia  *  Prodrome '  or  elsewhere,  it  may  be  assumed  that  he  never 
snooeeded  in  obtaining  such  material  as  would  have  enabled  him  to 
deaoribe  the  apeoies  completely.  There  ia,  however,  a  speoimeQ  in 
tbe  British  Museum  (No.  S7001)  which  possesaea  all  the  oharaotera 
eesantial  for  the  diagnosis  of  the  Bpecies,  which  may  thus  be 
described: — Shell  somewhat  inflated,  sides  and  periphery  rather 
flattened,  thus  giving  a  sqnarish  form  to  the  whorls  id  section ; 
«ridest  part  of  the  whorls  in  the  umbilical  region.  Umbilicus  open, 
of  moderate  size.     Septa  moderately  distant;  sutures  coiuiderably 


ffaWiYiM  tUgantaida.—a,  lateral  lie*  al  a  tbit  imMrfect  ipedmeD,  Ehowing  tha 
Tonn  of  the  aatuies ;  b,  front  view,  ahawing  tlie  poaition  at  the  liphuncle. 
Drawn  from  a  specimen  in  the  Britiih  Museum.    One-third  natural  rate. 

cnrred  backwards  on  the  aides  of  tbe  shell,  and  forming  a  conspionoiiB 
sinus  oo  the  periphery.  Sipbunole  considerably  below  the  centre  of 
the  septa.  Ornaments  (seen  only  on  the  oobl^  cmnwtiXx'ti^  u'^  %^.-i:^\>%- 
jmaniaeot,  titmaverae  ribs,   which  often  ft&i^&ta.\A  ^.'ftXtt  ViMs^ift*  w. 
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from  two  to  four  after  lenTing  the  umbiliooa.  so  that  in  tbe  umbilical 
reji^ion  they  are  much  wider  and  coarser  than  in  any  other  part  of 
the  shell.  The  interspaces  dividing  the  ribs  do  not  exceed  one-half 
the  width  of  the  latter.  The  ribs  are  only  slightly  carved  on  tbe 
aides  of  the  shell,  but  they  form  a  conspicuous  ainna  on  the  peri- 
phery.    The  body-chamber  is  unknown. 

AffiniUes  and  Differenee$. — This  apeciea  moat  nearly  reaembles 
Nautilus  elegauB,  J.  Sow.,  but  di£fera  both  in  its  general  form,  in  the 
position  of  the  siphuncle,  and  in  the  character  of  ita  ornaments. 

Horizon  and  Locality, — Gr^s  Vert  (Upper  Greensand).  Houflear 
(Calvados),  France. 

Nax7tilu8  Atlas,  Whiteavee. 

1840.  Nautilui  eUfforn,  d'Orbigny,  Pal^ntolof^ie  Fran^aiie  (Temim  Ciitic^), 

tome  i.  p.  87,  pi.  xiz.     {Not  of  J.  Sowerbj.) 
1860.  NautUu9    tlrgant,  dU)rbieny,   Prodrome  de  Pal6ontologie   8tratigTapbi<[iie| 

tome  ii.  p.  146.     [Not  of  J.  Sowerby.) 
186S.  Nmuiifut  elegnmt,  Sharpe,  Description  of  the  Fossil  Remains  of  the  Molliiici 

found  in  the  Chalk  of  Englana  (Mon  Pal.  Soc.),  pt.  i.  Cepbalopoda,  p.  13, 

pi.  iii.  fig.  3  ;  pi.  iv.  fig.  1.     (Ao/  of  J.  Sowerby.) 
1876.  Nautilus  ^//m,  WbiteaTes,  Geol.  Sanr.  of  Canada,  Mesozoic  Fossils,  toL  i 

pt.  i.  p.  17. 

Specific  Characters, — Shell  inflated,  broadly  rounded  on  the  peri- 
phery, which  makes  a  continuous  arch  with  the  sides  and  imparts 
a  semilunate  outline  to  the  whorls  when  seen  in  section.  The 
greatest  breadth  of  the  whorls  is  therefore  a  little  above  the  umbilical 
region.  Umbilicus  closed.  The  septa  are  rather  distant,  being  (type 
specimen)  1^  inches  apart  where  the  height  of  the  whorl,  measured 
from  the  umbilicus  to  the  median  line  of  the  periphery,  is  3^  inches. 
Siphuncle  situated  considerably  above  the  centre  of  the  septa.  Test 
ornamented  with  rather  strong,  prominent,  rounded  ribs,  separated 
from  each  other  by  interspaces  equal  to  about  half  the  diameter  of 
the  ribs.  The  latter  make  a  broad  for wardly -directed  curve  on  the 
sides  of  the  shell,  and  a  broad  and  shallow  sinus  on  the  periphery. 
Owing  to  the  lateral  compression  undergone  by  some  specimens, 
this  sinus  appears  very  deep  in  them,  but  in  uncompressed  specimens, 
of  which  there  are  a  few  in  the  Ikitinh  Museum  collection,  the  sinus 
is  always  shallow.  The  ribs  leave  their  mark  upon  the  cast  in  tbe 
form  of  faint  plications. 

liemarks. — The  above  description  is  drawn  up  mainly  from 
d'Orbigny's  figured  type ;  but  there  is  in  the  British  Museum  a 
fairly  good  example  (No.  C.  1027)  from  the  same  horizon  and 
locality  (Craie  chloritee,  Rouen)  as  d'Orbigny's  specimen.  The  same 
Museum  contains  also  some  fairly  well  preserved  English  specimens. 

Affinities  and  Differences. — The  inflated  form  of  the  present  species, 
the  closed  umbilicus,  and  the  position  of  the  siphuncle  (nearer  the 
peripheral  border)  are  characters  which  distinguish  this  species 
from  N,  elegans.  J.  Sow. 

Horizon  and  Localiijf, — Lower  Chalk.  Dover  and  Bnrham,  Kent; 
Lewes  and  Newhaveu,  Su»afex\  CV\^^  K?a»\.V3  wv^  ^^J5eafc>  Vfvltahire ; 
Ventnor,  Isle  of  WigU;  ^ueu  ^C«\N«^^^W^,^t«w». 
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NADTiLns  PSRUDOXLKa&HB,  d'Orbigny. 
1B40.  JVaiifilwjMnRfeffeiranf,  d'Orbign;,  Pkl£aDta)agiefrBn9BiM(TeTnuiuCr£tac£s], 

tome  i.  p.  TO,  pi.  Hii.,  pi.  ii. 
1863.  NauliluM  puudoeloiBtu,  ShkiiM,  Dawription  of  the  Fossil  Renuios  of  HoUiue& 

foaod  in  the  Chalk  at  Euglud  (lloo.  Fal.  Boc ),  pt.  i.  Cephalopoda,  p.  13, 

pi.  ir.  Hg»,  2a,  2*. 
1S58.  NiiuHlut  pietidotlrgttnt,  PiUet,  Deieriptioa  Q£olo^qae  dai  Ennroni  d'Aix  ea 

SsToie,  p.  S3,  pL  Ti.  flg.  3. 
1859.  NauiUut  pteuditltgiiHi,    PioMt  et  Campicht,   DeMnption  du   Fooiln  dn 

EnTicoDg  de  BaiDte-Croix  (FaUootolagie  Bdum,  •6r.  ii.  pt.  i.  lirr.  TiL),  p. 

123,  pi.  xii.  iindii*.  Ht. 
fisei.  Nautilui  jiKudotUgam,   Blaiiford,  Hem.   Geol.  Sdit.   o(  India —PalooDt. 

Tndica — I.  Cretaceoni  Cephalopoda  of  Southern  lodia,  p.  33,  pi.  irii.  fig.  3; 

.^1    ..-:;:    A 4    4-    41.    wl    -1-    .    -1    »    d.»    II.. 


pi.  iTiii.  Agi.  3,  31,  3i ;  pi.  in. ;  pi  i 

1.  ifaar'  ■    '  "■  "■-'■-    ■■■"  - 


1 1S66.  ifaulilut  ftudMUfant,  Stolktk*,  Hid.  p.  210,  pL  uiii.  ig.  3. 


r,  showiag  three  of  the  sepia,  a 
bT  the  toit;  i,  peripheral  liew,  thowing  the 
ivature  of  the  septa  in  the  mediBQ  line.  Drawn  from  a  specimen  in  the 
d  Otbignj  Collection  in  the  Museum  of  Katuiol  History,  Paris.  About  one* 
third  natural  site.' 

Specific  Charaetern. — Shell  much  inflated,  very  broad,  with  aorae- 
wbat  flattened  sides  and  a  ver;  broadly  ruiinded  periphery,  sliKbtly 
flattened  in  the  adult  shell.  Qreateet  widlb  of  the  whorls  about 
midway  between  the  umbilious  and  the  median  line  of  the  periphery. 
TTmbilious  ainall  but  distinct.  Aperture  very  wide,  semi-lunate, 
with  rounded  lateral  margins.  Septa  approximate,  very  slightly 
sinnous  on  tbe  aides  of  the  shell,  and  forming  an  inconspicuous  sinus 
on  the  periphery.  Siphuncle  situated  below  the  centre  of  the  aeptn. 
Test  in  the  young  shell  very  slightly  striated  IrnnaverBely,  but  in  ihe 
adult  covered  with  very  strong,  regular,  prnrainent,  separate  ribs  or 
plications,  whioh  form  a  sigmoid  cQive  on.  tbe  «\d«%  qI  \la%  ^<&,  «x>^ 
'  A  cait  of  this  specimen  ia  dod  ul  tb&  'Kn'lAAi  l&.'a««ai&. 
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rather  a  deep  sinus  on  the  periphery.  The  ribs  bifaroate,  and  even 
trifurcate.  in  some  places  on  the  sides  of  the  shell ;  the  interspaces 
dividing  them  are  about  one-half  the  width  of  the  ribs  themselves. 
The  ribs  mark  the  cast  with  very  conspicuous  plications :  the  former 
become  flattened  by  weathering,  but,  where  well  preserved,  they  are 
seen  to  be  distinctly  rounded. 

Remarks. — In  a  letter  just  received  by  one  of  us,  Dr.  Paul  Fischer 
makes  the  following  interesting  observations  on  the  present  species, 
and  we  gather  from  his  remarks  that  there  is  no  hope  of  determining 
with  certainty  the  specimen  selected  by  d*Orbigny  as  his  type.  Dr. 
Fischer  states :  **  The  type  of  NautiluM  pteudoeUganM  is  difficult 
to  recognize.  According  to  the  dimensions  given  in  the  original 
diagnosis  (diameter  240  millimetres,  thickness  160  mm.  Paleont 
Fran 9  p.  60)  our  specimens,  No.  4834  D,  which  were  sent  to  you, 
are  typical.^  Moreover,  they  come  from  the  neighbourhood  of 
Yandeuvre  (D^partement  de  I'Aube),  where  the  species  was  found. 

"  But  the  drawing  given  by  d'Orbigny  is  faulty  ;  first,  its  dimen* 
sions  do  not  agree  with  the  description;  then  the  drawing  being 
reduced  to  one-third  the  natural  size,  the  specimen  which  it  repre- 
sents  should  have  been  at  least  360  mm.  in  diameter ;  besides,  the 
ornaments  are  wanting  in  the  drawing  on  a  great  part  of  the  last 
whorl 

"Consider  then  the  figure  by  d'Orbigny  as  only  approximate. 
D*Orbigny  has  restored  a  great  many  of  bis  plates,  for  which,  in  my 
opinion,  he  is  very  much  to  blame 

"  In  the  d'Orbigny  collection  no  specimen  is  specially  marked  as 
the  type.  But  d'Archaic  (Hist  du  progrfes  de  la  geologie,  vol.  iv. 
p.  295)  quotes  N.  pseudoehgans,  and  he  has  given  to  the  Museum 
a  specimen  marked  type.  I'his  specimen  is  small  (greatest  diameter 
150  mm.),  and  agrees  neither  with  the  figure  nor  with  the  dimensions 
given  in  d'Orbigny's  onginal  description. 

"  Perhaps  the  true  type  was  contained  in  the  collection  of  the 
geologist,  Clement  Mullet,  who  showed  d'Orbigny  over  the  locality 
where  N.  paeudoelegana  al)0und8?  " 

The  majority  of  the  British  examples  of  this  species  which  we 
have  seen  are  very  nuich  crushed.  There  is,  however,  in  the  British 
Museum  collection  a  large  natural  cast  (No.  C  1368)  which  in  all 
probability  belongs  to  this  species.  It  is  from  the  Lower  Greensand 
and  measures  1  foot  2  inches  in  its  greatest  diameter  and  about 
8  inches  in  width.  The  septa  are  rather  distant  from  each  other, 
being  about  two  inches  apart  on  the  sides  of  the  shell ;  the  sutures 
are  slightly  flexuous  upon  the  sides  and  also  upon  the  periphery. 
The  test  is  not  preserved,  but  the  robust  form  of  this  specimen  and 
its  general  appearance  ally  it  to  N,  paendoelegans. 

Affinities  and  Differences, — These  will  be  found  detailed  on  p.  646. 

Horizon  and  Locality. — Lower  Greensand.  Maidstone  and  Sand- 
gate,  Kent. 

'  Two  specimens  nere  sent,  \)ol\i  TiTnD^MkXcdi  V^'^W^  \  >^<^  W^t  one  is  represented 
in  Fig.  8. 
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IV. — On  Some  Fossils  from  Central  Africa. 
By  Professor  T.  Rupert  Jones,  F.R.S.,  F.G.8.,  etc. 

IN  Professor  Henry  Drummond's  " Tropical  Africa,"  8vo.  London, 
1888,  pp.  183-199  are  occupied  with  an  interesting  "  Qeoiogical 
Sketch  "  of  the  country  between  the  Zambesi  River  (about  18°  S.  Lat.) 
and  the  Tanganyika  plateau  (about  3°  S.  Lat.),  his  own  observations 
having  been  made  along  a  route  from  Eilimane  on  the  coast,  to  the 
Shire,  and  up  that  river,  by  Lake  Shirwa  and  Lake  Nyassa,  to 
Earonga  (or  Earonga's  village)  on  the  north  west  shore  near  the 
end  of  the  lake ;  and  thence  through  the  Uchungu  district,  for  about 
70  miles,  in  a  part  of  the  Tanganyika  plateau.  This  region,  like 
most  of  the  country  bordering  the  lake,  is  composed  of  "gi-anite 
and  gneiss."  There  are  igneous  rocks  on  the  north-eastern  shore  at 
the  lake's  head ;  and  a  stretch  of  sedimentary  strata  for  about  twenty 
miles  south  of  Earonga  on  the  shore,  and  further  south  inland  away 
from  the  lake  (as  indicated  on  the  map  in  Prof.  Drummond*s  book). 
These  strata  are  referred  to  as  "red  and  grey  sandstones,  fine  con- 
glomerate, limestone,  shale,  and  coal,"  and  are  shown  on  the  map 
as  the  same  as  some  west  of  the  Lake  Tanganyika, — some  about  six 
degrees  to  the  East,  towards  Zanzibar, — and  some  on  and  below  the 
Zambesi,  including  Livingstone*s  coal-beds  at  Tet6  on  that  river.^ 
Indeed  these  beds  are  correlated  (at  p.  185)  with  the  series  in  Cape 
Colony  and  Natal  known  as  tlie  Earoo  Formation, — at  all  events  as 
having  ''  a  somewhat  similar  relation  "  to  the  gneissic  plateau. 

Coal. — At  page  187,  Prof.  Drummond  refers  to  a  locality  where 
coal  was  found  some  years  a^o  by  Mr.  Cecil  Rhodes,  examined 
subsequently  by  Mr.  James  Stewart,  and  revisited  by  himself — 
namely,  "on  the  western  shore  of  Lake  Nyassa,  about  10°  South 
Latitude."  He  does  not  report  so  favourably  of  this  coal-seam  as 
Mr.  J.  Stewart  did  in  the  "  Proceed.  R.  Geograph.  Soc."  new  series, 
vol.  iii.  1881,  p.  264.  The  latter  observer  noticed  that  in  the  valley 
of  the  Rikuru,  running  northward  across  10°  46'  S.  Lat.,  there  is  a 
great  change  from  "  the  granite  and  quartz,  which  prevail  throughout 
the  whole  country  from  the  Murchison  Cataracts  on  the  Shire  River 
to  Lake  Tanganyika,"  to  argillaceous  rocks  and  shales,  hard  and 
soft,  with  sandstone,  dipping  1  in  2\  west  and  by  north.  Reaching 
the  mouth  of  the  Rikuru  on  Lake  Nyassa,  in  south  latitude  10°  45"  15', 
and  going  northward  along  the  coast,  after  three  miles  he  came  to 
"the  stream  in  which  is  the  coal  discovered  by  Mr.  Rhodes.  The 
coal  lies  in  a  clay  bank  tilted  up  at  an  angle  of  45°,  dip  west.  It 
is  laid  bare  over  only  some  30  feet,  and  is  about  seven  feet  thick. 
It  hardly  looks  as  if  it  were  in  its  original  bed.  The  coal  is  broken 
and  thrown  about,  as  if  it  had  been  brought  down  by  a  landslip,  and 
traces  of  clay  are  found  in  the  interstices.  Yet  the  bed  is  compact 
and  full  of  good  coal.  I  traced  it  along  the  hillside  for  some  200 
yards,  and  found  it  cropping  out  on  the  surface  here  and  there.     It 

>  It  ia  mentioned  at  p.  186  that  the  black  rock  on  t\i^  '««8>\«ni\iat^«t  ^\  vfio.^^^^^ 
▼alley,  Bt  ahont  IT*  8,  fat.  thought  by  Livrngstotie  to  \>ft  co^Ji, ^x^^ii^'^ *>a^  ^*^^>w\ 
dark  diorite,"  which  is  present  among  the  igneou&  TOck&  \\i«£«. 


654    Trof.  T.  Rupert  Jonei—Same  Central  Jfriean  Fuuih. 

IB  500  feet  aboTe  the  lake-leTel,  end  about  a  mile  and  a  half  from 
the  shore.  I  lit  a  good  fire  with  it,  which  bamed  op  stroDgly. 
The  ooal  softened  and  threw  out  gas  bubbles,  but  gare  no  gas  jeta. 
It  caked  slightly,  but  not  so  as  to  impede  its  burning.  It  is  foond 
in  the  main  gorge  of  the  Chisindire  yaHey,**  about  six  milea  S.  bj  B. 
of  Mount  Waller. 

Visiting  Mount  Waller  (op.  dt.  p.  265),  Mr.  J.  Stewart  foimd  it 
to  consist  of  horizontal  argillaceous  and  sandy  beda,  bard  and  sofli 
for  900  feet  upwanls ;  then  three  bands  of  coarse  fprtt,  standing  out 
along  the  mountain-side,  form  a  ledge,  at  1200  feet,  300  or  400 
yards  wide;  a  precipitous  mass  of  soft  shales  suooeeda  up  to 
2630  feet  above  the  lake;  and  then  a  cliff  of  bard  compact 
argillaceous  rock,  of  a  dull  straw-colour,  in  beds  10  or  more  feet 
thick,  with  intervening  crumbling  shales,  reaches  3100  feet  aboTO 
the  lake  (4700  feet  above  sea-level). 

Respecting  the  coal  mentioned  above,  a  footnote  at  p.  264  adds:— 
"  Having  submitted  a  specimen  of  this  coal  to  Mr.  Carruthers,  F.RS., 
Keeper  of  the  Botanical  Department,  British  Museum,  tbia  eminent 
authority  has  sent  me  the  following  note  of  the  resulta  of  his 
examination  of  it: — 'The  coal  has  the  appearanoe  of  a  good  specimen 
of  EngliHh  ooal.  The  lines  of  stratification  are  indicated  by  films 
of  ...  .  mother-coal.  The  general  form  of  tlie  minute  tissues  an 
preserved  in  the  mother-ooal, — I  have  observed  fragments  of  scalari- 
form  vessels ;  and  in  sections  of  the  coal  prepared  for  the  micro- 
scope T  have  found  the  niacroRpores  of  Lycopodiaceous  plants,  which 
I  cannot  distinguish  from  similar  bodies  in  the  coal  of  Englaml. 
After  combustion  only  1-8  per  cent,  of  ash  remains.  I  have  no 
doubt  that  the  specimen  from  Lake  Nyassa  is  of  the  same  age  as  the 
coal  of  England.*" 

The  hand-specimen  of  coal  examined  by  Mr.  Carruthers  is 
labelled — "Coal  from  Mt.  Waller,  Lake  Nyassa.  Livingstonia,  22 
May,  1880,  Jas.  Stewart"  Presumably  the  locality  is  not  exactly 
Mount  Waller,  but  in  its  neigh l)ourhood  as  defined  above.  It  has 
an  irregular  oblong  shape,  about  6  inches  long,  3 J  wide,  and 
3  thick  ;  and  consists  of  close-set  parallel  laminsa,  some  of  dull, 
com])act,  cannel-like  coal,  and  some  of  bright,  crackled  glance-coal, 
all  irregular  in  their  relative  thic^knesses,  and  seldom  more  than 
a  quarter  of  an  inch  thick.  Mother-ooal  (dull,  fibrous,  black  wood- 
carbon)  lies  on  an  outer  (uppermost)  layer  of  the  glance-coal,  and 
probably  is  present  at  intervals  in  the  mass. 

Slices  taken  from  the  same  block  and  prepared  for  the  microscope 
were  sent  to  Mr.  K.  Kidston,  F.G.S.,  of  Stirling,  and  he  favoured  nie 
with  the  following  letter  (dated  January  27,  1890) : — 

**  I  have  examined  carefully  the  two  slides  of  Coal  from  near 
Lake  Nyassa.  .  .  .  The  slides  sent  would  be  classed  under  the  descrip- 
tive term  of  'Spore-Coal,'  in  so  far  as  spores  (maorospores)  enter 
largely  into  the  composition  of  the  Nyassa  specimen. 

*•  Spore-coal  generally  occurs  as  bands  of  greater  or  less  thickness 
in  tha  stnicturelesa  \>\tu\n\tiO\x^  Tcv«^\\ftx,  ^q\.  Vw\w^  ^s««cl  the  block 
of  coal  from  which  Uie  aVvd^a  viex^  \a^wv\i,  \  <»s«xq\.,  ^\  ^xaafe,^^ 
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whether  all  the  speoimen  had  a  Bimilar  oomposition,  or  whether  the 
slides  represent  portions  of  a  spore-band. 

''The  spores  are  much  smaller  than  the  maorospores  usually 
entering  into  the  oomposition  of  British  '  Spore-ooal,'  but  seem  to 
be  oompoeed  of  an  identical  substance.  The  spores  are  of  a  reddish- 
amber  colour.  In  certain  parts  of  the  slides  bands  of  similarly 
coloured  material  occur.  Although  all  stmctnre  is  effaced  in  these 
bands,  I  have  no  doubt  that  they  are  derived  from  similar  macro- 
■pores.  The  more  numerous  the  spores  in  coal,  the  better  is  the 
quality,  on  account  of  their  highly  inflammable  resinous  quality.** 

Alluding  to  the  above-mentioned  coal  near  the  mouth  of  the 
Bikuru  (see  p.  553),  Prof.  Drummond  states  at  page  188  of  his 
•*  Tropical  Africa," — **  I  examined  this  section  pretty  carefully,  and 
fear  I  must  differ  slightly  from  Mr.  Stewart  in  his  geological  and 
economical  view  of  the  formation.  The  7-foot  seam  described  by 
Stewart  is  certainly  a  deception,  the  seam  being  really  composed  of 
a  series  of  thin  beds  of  alternately  carbonaceous  and  argillaceous 
matter,  few  of  the  layers  of  coal  being  more  than  an  inch  in  thick- 
ness. With  some  of  the  most  carefully  selected  specimens  I  lit 
a  fire,  but  with  disappointing  results.  Combustion  was  slow  and 
without  flame.  Although  there  were  what  can  be  called  films  of 
really  good  coal  here  and  there,  the  mineral,  on  the  whole,  seemed 
of  inferior  quality,  and  useless  as  a  steam-coed.  From  the  general 
indications  of  the  locality  I  should  judge  that  the  coal  existed  only 
in  limited  quantity ;  while  the  position  of  the  bed  at  the  top  of 
a  rocky  gorge  renders  the  deposit  all  but  inaccessible.  On  the 
whole,  therefore,  the  Lake-Nyassa  coal,  so  far  as  opened  up  at 
present,  can  scarcely  be  regarded  as  having  any  great  economical 
importance,  although  the  geological  interest  of  such  a  mineral  in  this 
region  is  considerable.  Sections  of  the  coal  have  already  been 
prepared  for  the  microscope,  and  Mr.  Carrnthers,  of  the  British 
Museum,  has  identified  the  maorospores  of  Lyoopodiaceons  plants, 
which  are  identical  with  similar  organisms  found  in  the  coal-fields  of 
England." 

The  specimen  of  coal  from  the  neighbourhood  of  Mount  Waller, 
described  above,  lent  to  Mr.  Carrnthers,  and  kindly  submitted  for 
examination,  certainly  seems  to  agree  better  with  Mr.  Stewart's 
description,  above  quoted  (p.  554),  than  with  Prof.  Drummond's 
foregoing  note  on  the  character  of  his  specimens.  The  variation  of 
a  seam,  both  as  to  structure  and  composition,  within  a  limited  area, 
may  possibly  account  for  the  difference. 

Fossils.  -  At  about  60  miles  N.  by  W.  from  the  locality  where 
the  above-mentioned  coal  was  obtained,  Prof.  Drummond  discovered, 
at  Mararaura  (as  by  label),  not  far  from  Karonga,  on  Lake  Nyassa 
(and  about  20  miles  along  the  **  Stevenson  Koad  "  to  Lake  Tangan- 
yika), some  interesting  fossils,  as  mentioned  at  pages  191-195  of 
his  book — '*  About  a  dozen  miles  from  the  north-western  lake  shore 
on  the  route  to  Tanganyika,  after  following  the  Rukuru  Kiver 
through  a  defile  of  granite  rocks,  1  came,  to  xti'j  ^t^«X.  «v«\»T\»fe,  xsc^^-^ 
8  well-marked  series  of  stratified  beda.     l^V.  «^  >owA  vo.  >>cl'^  ^v*«^  ^ 
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fine  section  is  exposed*  Thej  lie  thrown  agminst  the  gnniUc  rooks, 
which  here  show  signs  of  disturhanoe ;  and  oonsist  of  thin  heds  of 
very  fine  ligbt-grej  sandstone,  and  blue  and  grey  ahaka,  with  sn 
occasional  band  of  grey  limestone.  By  camping  on  the  spot  for 
some  days,  and  working  patiently,  I  was  rewarded  with  the  dis- 
covery of  fossils.  .  .  .  The  shale  naturally  yields  the  most  resolta, 
one  layer  especially  being  one  mass  of  small  Lamdiibranekiaia,  .  . . 
Vegetable  remains  are  feebly  represented  by  a  few  reeds  and  grasieB. 
Fish-scales  abound ;  but  I  was  only  able,  and  that  after  mnch  labour, 
to  unearth  two  or  three  imperfect  specimens  of  the  fishes  themselves. 
These  have  been  put  into  the  accomplished  hands  of  Dr.  Traquair, 
of  Edinburgh,  who  has  been  kind  enough  to  furnish  the  following 
account  of  them"  (in  letter,  dated  23rd  April,  1888). 

Dr.  Traquair  refers  to  and  describes  (pp.  193-195)  six  specimens 
of  fossil  Fish-remains  :  Na  1.  Acrolepis  (?)  Drummondi,  sp.  nov. 
No.  2.  In  a  piece  of  cream-coloured  limestone,  besides  numerous 
minute  scales  aud  a  fragment  of  a  small  jaw  and  teeth,  some  larger 
scales  and  bones,  provisionally  referreil  to  Acrdepis  (?)  Africauui, 
sp.  nov.  Nos.  3  and  4.  Small  pieces  of  similar  limestone  with 
minute  scales,  like  those  mentioned  above.  No.  5.  Grey  micaoeoas 
shale  with  scales  of  another,  but  indeterminable,  species  of  Fish. 
No.  6.  The  clavicle  of  a  small  Fish,  in  shale  similar  to  the  fore- 
going.    All  these  are  remains  of  Palseoniscid  Fish. 

We  may  remark  that  Fish  of  this  kind  and  order  are  such  as  are 
found  also  in  the  great  Karoo  Formation  of  the  Orange- Free-State 
and  Caj>e  Colony,  incidentally  referred  to  above. 

Prof.  Drummond  writes  at  p.  195,  with  reference  to  the  fossili- 
ferous  strata  which  be  so  fortunately  met  with,  that  they  *'  seem  to 
occupy  a  comparatively  limited  area,  and  have  a  very  high  dip  iu 
a  south-easterly  direction.  At  the  spot  where  my  observations  were 
taken  they  did  not  extend  over  more  than  half  a  mile  of  country, 
but  it  is  possible  that  the  formation  may  persist  for  a  long  distance 
in  other  directions.  Indeed,  I  traced  it  for  some  miles  in  the  direction 
in  which,  some  fifty  or  sixty  miles  off,  lay  the  coal  already  described, 
and  to  which  it  may  possibly  be  related." 

The  fossil  shells  collected  by  Professor  Henry  Drummond,  F.R.S.E., 
F.G.S.,  etc.,  at  Mararaura,  near  the  north-west  shore  of  Lake 
Nyassa,  in  Central  Africa,  occur  in  a  piece  of  greenish-grey  shale, 
somewhat  micaceous,  numerous  casts  of  small  Bivalves,  on  two 
bed-planes,  forming  its  upper  and  lower  surfaces.  On  one  face  the 
casts  are  convex  ;  on  the  other,  only  hollow  impressions.  '  Similar 
casts,  in  the  same  relative  position,  are  inclosed  in  the  shale;  and 
small  fragments  of  Fish -remains  are  sparsely  scattered  throughout. 
The  convex  casts  are  brown,  and  on  them  here  and  there  dark- 
brown  films  partially  represent  the  original  shells.  The  concave 
impressions  have  brown-black  irony  stains. 

The  shells  are  oval-oblong,  or  subobloug,  rounded  at  the  ends 
unequally ;  the  posterior  beiu^  somewhat  truncate,  and  the  anterior 
obiiy nely-truncate,  witVi  aiv  o^^«k  ^iwc-s^  Vi^ci^  >(W  \ws!ifc(C\.    Hinge- 
Jirie  Jong  and  straight-,  \e\iVxaJL  msct^xi  ^\^\\Xi  ^>axN^.  >\^s«s«. 


degrees  of  imbednient  affect  the  viBilile  shape;  some  imlivjiluals 
showing  ouly  a  triangular  outline.  The  surface  is  moderately 
convex,  and  hears  rather  strong  oonoentrio  lines  of  growth. 

These  fossils  have  a  general  resemblance  to  the  Iridinm  described 
and  figured  by  U.  Sbarpe  in  the  "  Tranaaot,  Qeol.  800."  ser.  2, 
ToL  Tii.  pp.  225,  226,  pi.  xnviii.  figs.  2-1.  These  wera  from  the 
Karoo  Formation  at  Qraaff-Reynet  in  the  Cape  Colony.  I'he  oon- 
oentrio markings  in  the  epeeimens  from  Maramura  are  stronger 
than  those  in  fig.  4 ;  and  the  shell  is  more  obtong,  more  nearly 
vertical  at  the  anterior  end,  rather  fuller  on  the  ventral,  and 
Btraighter  on  the  dorsal  margin.  It  is  not  so  truncate  anteriorly 
ae  fig.  2,  and  not  so  square  behind,  nor  ie  its  umbo  so  near  the 
middle  of  the  back.  The  dimensions  are— length  20  mm.  (binge- 
line  15  mm.);  height  10  mm.  We  have  nothing  to  add  as  to  its 
generio  relationship ;  and,  as  it  differs  specifically  from  Iridina  F 
rhomboidalis  and  I.  ?  ovata,  it  may  be  distinguished  as  Iridina  * 
oblonga,  sp.  nor. 


Marsmiua.  north-west  of  liaLe  N^assu,  CeDlml  Afiica.  Natural  a 
The  Jridina  may  be  regarded  as  of  Mesozoio  age,  as  well  as  the 
associated  reed-like  and  grass-like  plant- re  mains,  and  the  palteoniscid 
Fishes  ;  for  all  these  are  represented  in  the  same  series  of  Htrata  with 
the  Mesozoic  Dia/nodon  and  other  Reptiles,  Cyrenm,  plant-remains, 
and  coal  of  apparently  the  same  period.  The  wide  extension  north- 
ward of  the  Karoo  Formation,  as  probably  represented  by  these 
Maramura  beds,  is  an  important  addition  to  our  knowledge  of 
African  geology. 

Prof.  Dr.  W.  C.  Williamson,  F.R.S.,  informs  me  that  he  has  not 
found  in  South-African  coals  "decided  evidence  of  iporei,  especially 
maeroaporea,  such  as  we  get  in  so  many  of  the  British  splint-ooale. 
The  nearest  approacbss  have  been  m  tbeC3\i\:i«T\^V,^«^iR>''M«&%^^ 
middle  Moheun^  the  Wynbei^  on  the  SanA  "Bivsw,  mA  ^»S*i**  ^"^ 
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In  each  of  these  a  yertical  section  of  the  coal  exhihits  nmnenms  rery 
thin  horizontal  yellow  lines,  not  onlike  what  we  see  in  oar  Engli^ 
spore-bearing  coals ;  but  I  have  no  proof  thai  these  lines  were  doB 
to  spores." 

Mr.  E.  T.  Newton,  F.OS.,  some  years  sgo  examined  mierosoopi- 
eally  a  piece  of  compact  coal  from  Andreas*s  (or  Andries's)  Nek, 
a  spur  of  the  Stormberg.  sent  by  the  late  Dr.  G.  Orey,  see  Qnaii 
Joum.  Geol.  8oc.  vol.  xxvii.  1871,  p.  51 ;  and  he  says  that  "tha 
ooal  is  bright  and  bitaminons,  with  partings  of  dall  material, 
apparently  'mother-coal,'  bat  there  are  no  traces  of  spores.  The 
section  shows  the  bituminous  part  as  dark-brown  laminsB,  similar 
to  the  bright  parts  of  Wallsend  coal ;  bat  there  are  no  spores  to  be 
distinguished.  The  'mother-coal'  remains  black  and  opake  in 
section." ' 

CoRBiOKNDA. — At  page  410  (September  Number  of  Gbol.  Ma(l) 
for  the  woodcut  and  the  description  substitute  the  following : — 


A  portion  of  one  of  the  blocks  from  the  Eat  River,  Eastern  Province,  Sonth  Africa, 
showing  four  of  the  small  shells  [Cyrena  t  negUeta)  and  parts  and  sections  of 
others.     Natural  size. 

At  p.  410,  line  7  from  bottom,  for  '*  CyrefUB  "  (P)  read  **  Cyrmm  f  ** 
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Wales  and  Shbopshibb. 

By  Hsnbt  Hicks,  M.D.,  F.R.S.,  SecG.S. 
(Read  at  British  Association,  1890.) 

IN  this  paper  I  purpose  giving  a  few  examples  to  show  the 
powerful  influences  which  have  been  exerted  by  Earth-move- 
ments in  producing  changes  in  the  rocks,  and  in  obliterating  the 
evidences  of  succession  in  some  of  the  disturbed  areas  in  Wales  and 
Shropshire.  For  a  long  time  past  it  has  been  well  known  that 
certain  changes  such  as  cleavage,  etc.,  have  been  induced  in  the 
rocks  in  Wales  and  elsewhere  by  pressure,  but  only  of  late  yean 
has  the  magnitude   of  the  results  due  to   Earth -movements  been 

'  See  also  the  '*  Mining  3o\ffiiaV,'*^  I>««i«nAi.  ^,  \^"^^,  Vst  ^  ^^^^  ^^*<2&s^  Cl<»li  of 
fiouth  AMca. 


fully  understood.  The  diflficulties  experienced  by  geologists  who 
visit  these  areas  for  the  first  time  are  mainly  due  to  their  being 
nnable  or  unwilling  to  reooguize  the  extraordinary  effects  produced 
by  these  Earth- movements,  and  especially  to  the  complications 
resulting  from  faults  and  thrusts.  In  these  areas  it  commonly 
happens  that  portions  of  the  pre-Cambrian  rocks  are  forced  in 
among  the  Lower  Palaeozoic  rocks  so  as  to  appear  either  to  be 
parts  of  the  series  or  to  be  intruded  into  it.  In  other  places  it 
occasionally  happens  that  not  only  are  lower  beds  of  the  same  series 
made  to  appear  to  overlie  much  newer  beds,  but  the  pre-Cambrian 
rocks  are,  in  some  cases,  thrust  over  those  of  Palaeozoic  age. 

The  rocks  in  the  neighbourhood  of  St.  David's,  Pembrokeshire, 
have  suffered  in  a  remarkable  degree  from  the  effects  of  Earth- 
movements,  and  some  geologists  who  have  visited  that  area  have 
been  led  to  make  not  only  serious  errors,  but  some  very  extraordinary 
ttatements,  from  being  unable  to  recognize  this  fact. 

A  section  across  the  St.  David's  promontory  shows  that  after  the 
Cambrian  and  Ordovician  rocks  had  been  gradually  deposited  over 
an  irregular  surface  of  pre-Cambrian  rocks,  great  Earth-movements 
took  place  which  caused  the  Cambrian  and  Ordovician  rocks  to  be 
bent  into  great  folds.  These  folds  were  broken  during  these 
movements  by  numerous  faults,  some  of  great  magnitude.  Sub- 
sequent denudation  has  revealed  the  presence,  within  these  folds, 
of  the  pre-Cambrian  rocks  on  which  the  newer  rocks  were  deposited, 
and  has  enabled  us  to  recognize  the  enormous  dislocations  of  the 
strata  which  have  taken  place,  and  the  changes  induced  in  the 
rocks  during  the  movements.  Although  there  are  evidences  of 
several  folds  of  Lower  Palaeozoic  rocks,  containing  cores  of  pre- 
Cambrian  rocks,  in  North  Pembrokeshire,  it  will  be  sufficient  to 
refer  to  the  one  which  occurs  in  the  promontory  of  St.  David's, 
taking  a  line  across  it  from  St.  David's  Head  on  the  N.W.  to  St. 
Bride's  Bay  to  the  S.E.  of  the  city  of  St.  David's.  At,  and  near, 
St  David's  Head,  great  masses  of  intrusive  basic  rocks  traverse  the 
Arenig  rocks,  in  a  direction  nearly  parallel  with  the  lines  of 
bedding,  being  probably  portions  of  sheets  in  the  form  of  Laccolites. 
These,  along  with  the  slates,  have  suffered  from  the  pressure,  proving 
that  the  folding  took  place  after  they  were  intruded  into  the  slates. 
The  Arenig  rocks  are  separated  from  the  Tremadoc  rocks  along  this 
line  by  a  thrust- fault  which  has  diminished  the  thickness  of  the 
strata  by  about  1500  feet.  Other  faults  in  the  aroh-limb  of  this  fold 
have  repeatedly  caused  newer  rocks  to  be  thrust  forward  to  hide  the 
underlying  series,  and  near  the  axis,  beds  at  least  5000  feet  apart  in 
the  succession  are  by  that  means  brought  into  contact  On  the 
S.E.  side  of  the  axis  the  Cambrian  beds  have  been  inverted  and 
faulted  so  as  to  cause  the  older  beds  to  overlie  the  newer,  evidently 
by  movements  from  N.W.  to  S.E. 

In  the  pre-Cambrian  core  itself  the  Pebidian  rocks  are  not  only 
sheared  to  an  enormous  extent,  but  are  also  made,  on  the  S.  side, 
by  reversed  faults  io  appear  to  lie  under  ^BkxV«  o\  \)^^  V^^'^'^^^^  t^^^% 
(Dimetian).     Thia  result  cauBes  the  Dim^VivdXi  Vo  \q^  vc^  ^^^i^^ 
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if  intruded  into  the  Pebidian  beds,  whilst  in  reality  it  is  everywhere 
bounded  by  faults,  some  of  them  of  pre-Cambrian,  others  of  post- 
Cambrian  age.  Similar  effects  to  those  witnessed  at  St  David^s  and 
in  other  areas  in  N.  Pembrokeshire,  may  be  seen  in  sections  in 
Carnarvonshire,  especially  in  the  area  between  the  Menai  Straits 
and  the  Snowdon  district  In  the  part  of  this  area  lying  between 
Carnarvon  and  Llyn  Padam,  not  only  are  the  Cambrian  rocks,  by 
reversed  faults,  made  to  appear  to  underlie  pre-Cambrian  rocks,  but 
even  Arenig  beds  are  faulted  so  as  to  dip  under  both.  The  move- 
ments in  this  area  have  taken  place  mainly  from  S.E.  to  N.W.  and 
the  rocks  of  the  Snowdonian  range  have  been  driven  westward  by 
repeated  thrusts. 

In  a  section  in  Shropshire,  extending  from  the  Longmynd  across 
Caer  Caradoc,  Lower  Palteozoic  rocks  are  faulted  on  the  W.  side 
so  as  to  appear  to  underlie  the  pre-Cambrian  rocks  of  Caer  Caradoc, 
whilst  on  the  £.  as  the  result  of  thrust-movements,  the  older  beds 
have  been  hidden  by  much  newer  ones.  Here  the  post-Ordovician 
movements  were  mainly,  as  in  Carnarvonshire,  from  S.E.  to  N.W. 

llie  changes  which  have  l>een  produced  in  the  rocks  themselves 
are  also  very  marked.  The  granitoid  rocks  give  evidence  of  having 
been  greatly  crushed  by  the  Earth-movements  in  pre-Cambrian 
times,  and  in  the  lines  of  fracture  secondary  minerals  have  l>een 
freely  deposited.  That  these  secondary  minerals  date  back  to  pre- 
Cambrian  times  is  shown  by  the  fact  that  the  pebhles  of  these 
granitoid  rocks  in  the  Cambrian  conglomerates  contain  all  the 
evidences  of  the  early  cnish  with  secondary  minerals  in  the  crush- 
lines,  in  addition  to  those  of  subsequent  fractures  and  deformation 
by  pressure  after  they  had  been  entombed  in  the  conglomerates. 
In  some  places  the  granitoid  rocks  and  diorites  have  suffered  so  much 
from  pressure  that  they  have  put  on  a  distinctly  gneissic  aspect 
Some  of  the  felstones  in  pre-Cambrian  times  were  crushed  so  that 
they  were  formed  into  felsitic  schists,  and  fragments  of  these  schists 
occur  frequently  in  the  Cambrian  conglomerates.  Various  dykes 
in  the  pre-Cambrian  rocks  exhibit  indications  of  having  suffereii 
greatly  from  mechanical  pressure  in  pre-Cambrian  times,  the  diabase 
dykes  in  the  Dimetian  being  frequently  cleaved  so  as  to  look  almost 
like  slates.  Fragments  of  these  and  of  many  other  cleaved  and 
altered  rocks  are  often  found  in  the  Cambrian  conglomerates. 

In  the  Cumbrian  and  Ordovician  rocks  the  evidences  of  pressure 
during  subsequent  Earth-movements  are  also  abundant  and  secondary 
minerals  have  been  freely  developed  along  planes  of  cleavage  and 
in  lines  of  fracture.  The  effects  on  some  of  these  rocks  near 
thrust-planes  are  well  exemplified  by  the  remarkably  distorted 
condition  of  some  of  the  fossils.  In  one  case  near  St.  David's  an 
OrthtSf  which  in  its  normal  condition  was  about  seven  lines  in 
width,  was  so  distorted  that  it  measured  over  27  lines,  and  others 
were  still  further  drawn  out  so  as  to  be  almost  unrecognizable. 
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VI. — The  Datk  of  the  High  Continental  Elevation  of  America. 

By  A.  J.  Jukes  Browne,  B.A.,  F.G.S. 

THE  proofs  of  a  much  greater  elevation  of  the  American  continent 
at  no  very  distant  geological  date,  which  have  been  communi- 
cated to  the  Gbol.  Mao.  by  Prof.  J.  W.  Spencer*  and  Mr.  W. 
Upham,'  are  very  interesting,  and  Mr.  Upham's  suggestion  that  this 
great  elevation  occurred  in  Pliocene  and  early  Pleistocene  time  is  a 
taking  one.  He  thinks  the  culmination  of  the  uplift  coincided  with 
the  Glacial  period,  and  was  to  a  large  extent  the  cause  of  that  period  ; 
if  he  is  right,  we  are  forced  to  infer  that  there  has  been  a  post-Glacial 
submergence  to  the  extent  of  over  3000  feet  over  the  whole  region, 
including  the  Gulf  of  Mexico.  There  is,  however,  a  difficulty  in 
this  supposition,  to  which  I  beg  to  call  Mr.  Upham's  attention. 

The  raised  coral-reefs  of  the  West  Indies  indicate  a  recent 
upheaval  of  the  whole  Caribbean  region.  In  the  west  of  Cuba  these 
reefs  occur  up  to  1200  feet,  on  the  testimony  of  Prof.  Agassiz,'  who 
found  recent  species  of  corals  in  them  at  that  height  between  Havana 
and  Matanzas,  and  up  to  1800  feet  near  Baracoa  on  the  testimony  of 
Mr.  W.  O.  Crosby.*  In  Guadaloupe  and  Barbadoes  they  occur  up  to 
heights  of  1300  and  1100  feet  respectively,  while  the  lowest  terraces 
consist  of  soft  and  unconsolidated  coral  rock  containing  recent  species 
of  shells  in  a  fresh-looking  condition.  It  is  clear  in  fact  that  there 
has  been  a  regional  uplift  of  this  area  to  the  extent  of  at  least 
1300  and  probably  2000  feet  in  Pleistocene  times,  and  that  there 
has  been  no  subsequent  subsidence.  Moreover,  this  area  of  elevation 
certainly  included  Yucatan,  which  lies  on  the  south  side  of  the  Gulf 
of  Mexico. 

Now  if  the  whole  North  American  continent,  including  a  part 
now  covered  by  the  Gulf  of  Mexico,  has  subsided  3000  feet  since 
the  Glacial  period,  it  is  strange  to  find  proofs  of  contemporaneous 
elevation  over  the  whole  Caribbean  region  with  a  distance  of  only 
400  to  600  miles  between  them.  That  there  should  have  been  in 
such  recent  times  a  differentia]  movement  sinking  the  northern 
part  of  the  Gulf  of  Mexico  through  3000  feet  and  raising  its  southern 
shores  through  more  than  1300  feet,  is  rather  a  large  demand  on  our 
belief. 

It  is  Mr.  Upham  who  must  face  this  difficulty,  for  Prof.  Spencer 
was  careful  not  to  fix  the  exact  date  of  the  high  continental  period, 
and  only  speaks  of  its  culmination  "  in  the  later  Tertiary,  before 
the  Pleistocene  period."  Now  it  happens  that  the  Caribbean  region 
affords  evidence  of  a  great  depression  preceding  the  elevation  above 
mentioned.  Thus  in  Jamaica  the  '*  White  Limestone "  is  in  part 
of  deep-water  origin,  it  covers  a  very  large  area  in  the  island  and  is 
regarded  as  being  of  Pliocene  age.  Again,  the  Oceanic  deposits  of 
Barbadoes  seem  to  indicate  a  subsidence  of  at  least  6,000  feet,  for 
they  rest  on  shallow- water  deposits,  and  consist  of  consolidated 
oozes   comparable  to   those   which    are  now   found   at   depths   of 

^  May  Number,  p.  208.  *  November  Number^  tj.  491* 

•  See  Three  Cruiaes  of  the  Blake,  to\.  i.  p.  1\. 

*  Proc.  Boston  Nat.  Hist.  Soc.  voL  xxu.  p.  XIA* 

MCDADS  in, — VOL,   VII. — KO.  XII.  ^^ 
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1000  to  2000  fathoms.    The  deposits  appear  to  be  of  Pliooene  or 
early  Pleistocene  age,  and  are  covered  by  the  raised  coral-reefs. 

Here,  then,  we  seem  to  have  a  series  of  changes  corresponding  to 
those  indicated  by  Prof.  Spencer  (loe.  cit.  p.  209),  and  it  is  sorely 
more  probable  that  the  movements  in  the  two  oontigaous  areas  were 
contemporaneous  than  that  so  great  a  submergence  in  the  one 
should  correspond  with  a  period  of  high  elevation  in  the  other. 

Tliere  is  however  an  objection  which  Mr.  Upham  might  urge 
against  this  view,  and  which  I  may  as  well  anticipate :  it  is  contained 
in  his  remark  that  the  depression  '*  evidently  took  place  in  a 
late  geologic  period,  else  the  channels  would  have  become  filled 
with  sediments."  But  have  they  not  been  partially  filled  np? 
Dr.  Spencer  remarks,  "The  soundings  show  that  to  within  com- 
paratively short  distances  of  their  mouths,  the  depths  of  the  valleys 
below  the  surface  of  the  seas  sometimes  did  not  exceed  from  1200 
to  1800  feet,  but  that  beyond  there  was  a  great  increase  in  depth 
within  the  last  few  leagues."  He  assumes  that  the  present  slope 
of  the  floors  of  the  valleys  does  not  materially  differ  from  that  they 
possessed  as  terrestrial  surfaces,  but  surely  the  peculiar  conformation 
he  describes  may  be  due  to  the  partial  infilling  of  the  valleys  with 
sediment,  for  a  certain  distance  from  the  shore. 

Again  it  is  possible  that  the  surface  current  of  the  modem  river 
creates  a  submarine  return  current,  and  that  the  action  of  the  latter 
causes  less  sediment  to  be  laid  down  over  the  valley  area  than  over 
the  plateaux  on  each  side.  Dr.  Buchanan  has  investigated  a  deep 
depression  at  the  mouth  of  the  Congo,  and  has  gone  so  far  as  to 
suggest  that  the  caiion-like  trough  is  entirely  due  to  the  action 
of  such  a  current,  the  n)ud  brought  down  by  the  river  being  spread 
out  over  tracts  to  the  right  and  left,  while  the  tract  over  which  the 
main  current  runs  is  kept  clear  by  a  strong  reverse  current  of  sea- 
water.  Tlius  he  supposes  the  bottom  of  the  trough  to  represent 
the  original  outline  of  the  continental  shelf  and  the  shore  slopes 
on  each  side  to  have  been  built  up  by  deposition  of  material. 

Without  going  so  far  as  this,  it  does  seem  possible  that,  if  a  deep- 
cut  valley  was  carried  below  the  sea  more  rapidly  than  deposition 
could  fill  it  up, — a  submarine  current  might  be  set  up  which  would 
prevent  the  accumulation  of  more  than  a  certain  amount  of  sediment 
within  it.  Consequently  the  valley  might  remain  as  an  open  trough 
for  a  long  period  of  time,  and  its  existence  could  not  be  regarded 
as  a  proof  of  the  recent  submergence  of  the  area. 


VII. — Note  on  Dynamio-Mbtamorphism. 
By  the  Rev.   Dr.  Irving,  B.A.,  F.G.S. 

THAVE  elsewhere  pointed  out  *  the  importance  of  the  two  factors 
— (1)  the  lateral  force  which  produces  the  metataxic  work 
(qud  cleavage),  (2)  the  resistance  offered  to  the  movement  of  the 
constituent  particles  of  a  rock-mass  in  the  direction  of  cleavage-dip 
(in  some  cases)  by  the  dea^  v<jfe\^\,  c>^  t\v<a  superincumbent  mass; 

*  In  my  **  Chemical  andr\i^ft\caX^W<3i'»  ^BL^'a'^<^«^i^^  >^V 
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the  relative  value  of  the  two  modifying  (in  the  case  of  a  deep-seated 
rook-mass)  the  whole  metataxio  result.  Mr.  Harker  applies  the 
idea  in  some  critioisms  of  a  paper  of  General  MacMahon*s  on  the 
"Crumpled  Culm-measures  of  Bude  "  (See  Obol.  Mag.  April,  1890). 

Suppose  a  case  in  which  the  two  forces  were  equal  or  nearly  so. 
As  long  as  this  condition  of  things  continued,  the  rock-mass  would 
not  shear  at  all ;  it  would  be  in  the  condition  which  Professor  Heim 
calls  one  of  "latent  plasticity,"  if  no  lateral  movement  in  any 
direction  were  possible.  This  is  equivalent  to  hydrosiatic  pressure^ 
as  I  have  pointed  out  (op,  cU.  pp.  47,  48).  Compression  of  the 
mass  might  result,  but  not  shearing.  Until  the  limit  of  compressi- 
bility was  reached,  there  must  be  internal  friction,  with  the  necessary 
thermal  effect  As.  however,  the  superincumbent  mass  became 
diminished  by  denudation  at  the  surface  (the  lateral  force  continuing 
undiminished,  or  even  increasing,  from  one  or  more  causes),  shear- 
ing in  the  direction  of  cleavage-dip  would  set  in :  friction  again, 
with  its  thermal  effect.  The  quantity  of  heat  generated  might  be 
very  large ;  •  but  its  wide  distribution  in  time  and  apace  would 
certainly  give  us,  in  most  cases,  insignificant  results  as  regards 
intenBtty  of  heat  (temperature).  Op.  cit.  p.  64.  Even  the  low 
coefficient  of  conductivity  of  rock-materials  would  probably  suffice 
to  make  dissipation  of  the  heat-energy  keep  pace  with  its  production; 
80  that  it  may  be  questioned  if  a  rise  of  temperature  of  any  practical 
value,  above  that  at  which  the  rock-mass  was  maintained  by  the 
internal  heat  of  the  earth  (or  the  proximity  of  a  highly-heated  mass 
of  igneous  rock),  would  ensue.  While  granting  therefore  that  under 
conditions  of  intense  compression  {op.  cit.  p.  55)  crystallization 
might  be  facilitated  for  chemical  bodies  already  formed,  it  may  be 
questioned  whether  the  distinction,  drawn  by  Mr.  Harker  for  deep- 
seated  masses,  is  a  very  real  one. 

The  same  question  arises  in  connexion  with  the  Eev.  0.  Fisher's 
treatment  of  the  subject  in  the  July  Number  of  this  Magazine;  and 
it  yet  remains  to  be  shown  that  any  considerable  rise  of  temperature 
(sufficient  to  induce  chemical  change)  can  be  postulated,  or  that 
much,  if  anything,  beyond  those  changes  which  I  have  called  '*  meta- 
tropic" (op.  cit.),  can  be  accounted  for  by  dynamic  action,  except 
in  rapid  movements  along  "  shear-planes  "  (op.  cit.  pp.  124-126). 

Mr.  Fisher  suggests  (p.  304)  that  the  mechanical  energy  of  the 
lateral  pressure  is  resolved  in  part  into  the  ''  molecular  form  of 
chemical  action."  What  can  this  mean?  If  it  means  that  new 
chemical  compounds  are  formed,  it  is  not  molecular,  but  atomic 
energy,  which  is  brought  into  play.  We  surely  cannot  suppose 
(indeed,  we  cannot,  without  rolling  back  the  development  of  chemical 
theory  a  few  decades  at  losist,  suppose)  that  chemical  combination 
is  the  mere  addition  of  one  element  or  lower  compound  to  another ; 
that  is  to  say,  that  the  configuration  of  the  resultant  compound 
is  the  mere  sum  of  the  configurations  of  the  antecedent  molecules. 
It  is  something  much  more  complex  than  that.  But  chemical 
combination  must  generate  heat,  the  meoWvAcsX  ^^wV  ^\  >*«\vv^\% 
to  expand  the  mass,  and  bo  tend  to  d\»oo\vcv\.  >i)cift  ^vcwX  ^^'^^  ^^ 
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pressure.  The  phrase  "  chemical  action "  is  used,  I  think,  a  little 
too  freely  in  many  quarters,  by  people  who  make  no  pretensions  to 
be  oonsidered  chemists,  as  a  sort  of  limbo  to  which  to  relegate  points 
in  petrology  which  they  do  not  wish  to  explain. 

May  I  add  here  a  word  of  oongratulation  to  Mr.  W.  M.  Hutchings 
on  his  most  valuable  researches '  in  the  fire-clays  of  Northumberland? 
He  has  given  us  a  mass  of  facts  which  prove  in  a  ooncrete  instance, 
what  I  have  contended  for  on  general  grounds  (e.g.  op.  eiL  pp.  53, 
93 ') ;  and  has  simply  **  ripped  up  "  the  fallacy,  post  hoe  ergo  propter 
hoCf  which  underlies  the  assumption  so  often  made,  that  the  develop- 
ment of  secondary  minerals  in  cleaved  slates  and  similar  rocks  is 
due  to  "dynamic-metamorphism";  since  he  has  demonstrated  their 
presence,  to  a  large  extent  as  the  result  of  the  ever-active  laws  of 
chemical  change  (aided  by  aqueous  diffusion)  in  a  rook  which  has 
undergone  no  dynamic  metamorphism  whatever. 


I. — SOIBNTIFIO     EeSULTS     OF     EXPLORATIONS     BY    THE    U.    S.    FiSH 

Commission  Steamer  Albatross.  No.  YII.  Preliminary  Report 
on  the  Collection  of  Moliusca  and  Brachiopoda  obtained  in 
1887-88.  By  William  Hbaley  Dall,  A.M.  Proceedings  of 
the  National  Museum,  Vol.  XII.  No.  773. 

THOUGH  the  greater  part  of  this  Report  is  devoted  to  a  de- 
scription of  the  species  obtained,  there  are  some  introductory 
remarks  which  should  not  be  overlooked  by  geologists  on  the 
conditions  of  life  in  the  deep  sea  and  on  the  nature  of  deep-sea 
deposits.  Some  of  the  most  interesting  of  these  notes  relate  to 
the  "  Archibenthal  Region,"  as  Mr.  Dall  terms  the  area  which  lies 
below  the  limit  of  AlgsB  and  above  the  Abyssal  Region.  In  this 
region  "the  action  of  erosion  and  solution  ....  seems  less  potent 
than  in  either  the  shallower  or  the  deeper  parts  of  the  sea.  In  the 
shallower  parts  the  excess  of  motion,  in  the  deeps  the  excess  of  the 
eroding  agent,  may  account  for  this."  Some  of  the  banks  in  these 
depths  are  formed  in  a  way  which  should  be  noted,  as  perhaps 
accounting  for  the  large  quantities  of  broken  shells  often  found  in 
fine  deposits  which  show  little  sign  of  currents.  Mr.  Dall  speaks 
of  *'the  habit  of  certain  fishes,  which  exist  in  vast  numbers,  of 
frequenting  certain  areas  where  they  eject  the  broken  shells  .... 
which  they  have  cracked,  swallowed,  and  cleansed  of  their  soft 
tissues  by  digestion Now,  in  examining  critically  large  quan- 
tities dredged  from  the  bottom,  I  have  found  the  material  from 
certain  areas  almost  entirely  composed  of  these  ejectamenta." 

In  some  16  pp.  of  *  general  considerations  *  on  the  Pelecypoda,  Mr. 
Dall  gives  an  account  of  the  genesis  of  the  molluscan  hinge,  and 
groups  the  bivalves  into  three  orders,  Anomalodesmacea,  Prionodes- 
maoea,  and  Teleodesmaicea.    It  is  impossible  in  a  short  abstract  to 

*   Vide  O^oii.  1S.KO,  ioT  3\fltfi  wA  ^xii'^  V^i^. 
%  See  alaoX^^eiii^'vi*^^'^^* 
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do  jastioe  to  ibis  olassification ;  but  the  shell  is  recognized  as 
modifying  and  in  various  ways  being  modified  by  the  soft  parts  of 
the  animal,  and  therefore  as  affording  a  safer  basis  for  classification 
than  any  single  anatomical  character.  C.  R. 

II. — ^Thk  Okolooy  of  the  Country  around  Inqleborouoh,  with 
Parts  of  Wenslkydalb  and  Wharfbdale.  By  J.  R.  Dakyns, 
R.  H.  Tiddeman,  W.  Gunn,  and  A.  Strahan.  (With  Notes  by 
0.  Fox-Stranoways  and  J.  G.  Goodobild.)  8vo.  pp.  103. 
(London,  1890.)     Price  2s. 

THIS  is  an  Explanation  of  Quarter-sheet  97  S.W.  (60  New  Series). 
It  contains  accounts  of  the  Lower  and  Upper  Siluiian  Rocks  of 
Ingleton,  Crummack  and  Horton-in-Ribblesdale ;  of  the  Carboniferous 
Limestone  Series,  Millstone  Grit  and  Goal-measures;  and  of  the 
Glacial  and  Post-Glacial  deposits.  Some  dykes  of  Mica-trap  pene- 
trate the  Lower  Silurian  rocks  near  Ingleton,  and  these  intrusive 
rocks  are  described  by  Mr.  F.  Rutley. 

III. — The  Geology  of  Parts  of  North  Lincolnshire  and  South 
Yorkshire.  By  W.  A.  E.  Ussher.  (Parts  by  C.  Fox- 
Strangways,  a.  C.  G.  Cameron,  C.  Rrid,  and  A.  J.  Jukes 
Browne.)     8vo.  pp.  231.     (London,  1890.)     Price  2«. 

IN  this  Memoir  we  have  detailed  descriptions  of  the  strata,  from 
the  Kenper  Sandstones  and  Marls  of  the  Isle  of  Axholme, 
upwards  to  the  Eimeridge  Clay  that  underlies  the  Cretaceous 
escarpment.  The  several  divisions  of  the  Neocomian  formation  and 
of  the  Chalk  are  described,  together  with  the  Glacial  and  other 
superficial  deposits.  The  Red  Chalk  is  included  at  the  base  of  the 
Upper  Cretaceous.  Long  lists  of  fossils  are  given  from  the  Jurassic 
rocks,  and  these  are  in  part  based  on  the  work  done  by  the  Rev.  J. 
£.  Cross,  of  Appleby.  The  deposits  of  economic  importance  include 
the  Frodingham  Ironstone  in  the  Lower  Lias,  and  the  Claxby  Iron- 
stone in  the  Neocomian.  The  Lincolnshire  Limestone  at  Kirton-in- 
Lindsey  yields  a  good  hydraulic  lime,  which  is  sold  as  '*  Blue  Lias 
Lime."  A  number  of  well-sections  and  borings  are  recorded  in  an 
Appendix. 

IV. — On  the  Discovery  op  a  Jurassic  Fish-Fauna  in  the  Hawkes- 
BURY  Beds  of  New  South  Wales.     By  A.  Smith  Woodward.* 

A  LARGE  collection  of  fossil  fishes  from  the  Hawkesbury- 
Wianamatta  series  of  Talbralgar,  New  South  Wales,  has  been 
forwarded  to  the  author  for  examination  by  Messrs.  C.  S.  Wilkinson 
and  R.  Etheridge,  jun.,  of  the  Geological  Survey  of  New  South 
Wales.  The  final  results  will  appear  in  a  forthcoming  memoir  to  be 
published  by  that  Survey ;  but  the  investigation  has  already  pro- 
ceeded so  far  as  to  justify  the  announcement  of  the  discovery  of  a 
typically  Jurassic  fish-fauna  in  Australia.  Fine  examples  of  the 
PalsBoniscid  genus  Coccolepia  occur,  and  this  has  ^t«vvqw%Vj  W^-^cw  \s!l<^ 
with  only  in  the  Lower  Lias  of  DoT^eUYiU^,  ^i)^^  '^vxxXiiiOK.  '^^^^  ^"^ 
'  Abetract  of  paper  read  before  SeoUon  C,  BntaaXi  KawMivaX^^'tt^^XAR^^V^^'^* 
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Wiltshire,  and  the  Lithographic  Stone  of  Bavaria.  A  new  fish  allied 
to  Semionotus,  but  with  thinner,  muoh  irabrioating  aoales,  is  also 
oonspiouous;  and  another  new  form,  allied  to  the  Dapedioids,  is 
remarkable  from  the  presence  of  typical  rhombic  ganoid  scales  in 
the  front  half  of  the  trunk  and  deeply  overlapping  cycloid  scales 
over  the  whole  of  the  caudal  region.  A  LeptolepiS'lilie  fish,  with 
a  persistent  notochord,  seems  to  represent  a  third  unknown  generic 
type.  Of  Leptolepis  itself  there  are  many  hundreds  of  individuals 
in  a  fine  state  of  preservation.  The  fishes  occur  in  a  hard,  ferru- 
ginous, fissile  matrix,  associated  with  well-preserved  remains  of 
plants. 

V. — A  Sketch  of  the  Geology  of  Devonshibe.  By  Townshend 
M.  Hall,  F.G.S.  [Third  edition,  1890.  Beprinted  from  White's 
History,  etc.,  of  the  County.] 

IN  the  Geological  Magazine  for  August,  1879,  we  briefly  drew 
attention  to  the  first  edition  of  this  article,  which  gives  a  capital 
condensed  account  of  Devonshire  Geology.  In  the  present  edition 
the  results  of  recent  rescearches  are  noticed,  and  some  accounts  of 
the  Mines  and  Mining  are  added.  We  observe,  however,  that  the 
Bovey  beds  are  classed  as  Miocene,  and  nothing  is  said  of  Mr.  Starkie 
Gardner's  contention  that  the  beds  are  of  Eocene  age. 

VI. — Preltminart  Notes  on  the  Paleozoic  Elasmobrancos, 
Pleuracanthus  and  Xenacanthus,  from  the  Lower  Permian  of 
Bohemia.     By  Dr.  Anton  Fritsch.* 

THE  next  part  of  the  author's  work,  **  Fauna  der  Gaskohle," 
which  will  probably  appear  befoi*e  the  close  of  the  present 
year,  is  devoted  to  further  investigations  upon  Pleuracanthus  and 
Xenacanthua,  Bestored  figures,  first  exhibited  to  the  British 
Association  at  the  Leeds  Meeting,  have  been  carefully  prepared, 
being  based  upon  the  examination  of  no  less  than  200  specimens. 
The  principal  result  arrived  at  is,  that  the  three  genera,  Orthacanthus, 
Pleuracanthus,  and  Xenacanthus^  are  well  characterized,  and  are  all 
true  Selachians.  The  skull  is  developed  as  a  simple  embryonic 
capsule,  showing  no  ossifications  or  separate  bones :  it  much 
resembles  that  of  Beptanchus,  and  indicates  that  the  three  genera 
in  question  also  belong  to  the  Opistharthri  of  Gill.  The  branchial 
arches  are  likewise  seven  in  number,  as  in  Heplanchus,  The 
median  fins  are  embryonic  in  character,  much  like  those  of  deep- 
sea  Gadoids  (e.g.  Bathygadus).  The  pectoral  fins  are  of  the  most 
primitive  type  in  Orthacanthus,  more  advanced  in  Xenacanthus,  and 
still  more  resembling  the  abbreviated  fins  of  recent  sharks  ia 
Pleuracanthus,  There  is  no  pelvic  element,  the  basal  part  of  the 
pelvic  fin  of  each  side  being  merely  a  fused  mass  of  parallel  cartila- 
ginous rays.  The  claspers  in  the  male  closely  resemble  those  of 
modern  sharks,  being  formed  by  a  modification  of  the  dorsal  or 
postax'ml  rays.^  In  the  vertebral  column,  intercalaria  are  developed 
both  in  Orthacanihus  and  XetiacaMlW*. 

»  A  bstract  of  paper  read  beioro  ^ec^ou  Ci ,  ^t\\jm^  k»Q«^aJassi^,\*«^,  V^^^ . 

«  See  figure  iu  ZooL  Anzeigci,  ISo.  Z^l  W^^Vi>^* 
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la  E  V  I  E  "VT"  S. 

L— On  tthb  Struotubs  and  Distbibution  of  Cobal  Kbkfs;  also 
Geological  Obsb&vations  on  the  Yoloamio  Islands  and  Tabts 
OF  South  Ambbica.  By  Chablbs  Dabwik.  [With  a  Ciitical 
Introduction  to  each  Work,  by  Prof.  John  W.  Judd,  F.R.S.] 
Small  8vo.  pp.  549.     (Ward,  Lock  &  Co.,  London,  1890.) 

GEOLOGISTS  are  much  indebted  to  the  editor  and  publishers 
of  the  "Minerva  Library,"  of  which  this  work  forms  the 
eighteenth  volume,  not  onJy  for  placing  within  the  reach  of  all 
the  classical  writings  of  a  pioneer  like  Darwin,  but  also  for  enlisting 
the  oo-operation  of  Prof.  Judd  in  contributing  three  introductory 
chapters,  which  are  invaluable  to  the  general  reader  and  to  the 
student  as  yet  on  the  verge  of  his  subject,  llie  book  is  practically 
three  volumes  in  one,  each  with  a  special  introduction  ;  and  though 
the  type  is  necessarily  small,  it  is  remarkably  clear,  and  the  only 
evidences  of  cheap  production  are  in  some  of  the  pictorial  text- 
figures. 

In  the  introductory  remarks  on  Coral  Heefs,  Prof.  Judd  devotes 
five  pages  to  a  brief  review  of  the  circumstanoes  under  which 
Darwin's  work  was  produced,  and  shows  how  the  now  well-known 
theory,  propounded  in  that  volume,  at  once  commanded  the  almost 
universal  assent  of  both  biologists  and  geologists.  The  succeeding 
pages  relAte,  with  equal  clearness,  the  most  recent  views  on  the 
subject,  with  sufficient  references  to  literature  to  enable  the  ordinary 
reader  to  follow  the  somewhat  extended  controveray.  The  Professor 
points  out  that  the  objections  to  Darwin's  theory  have  for  the 
most  part  proceeded  from  zoologists,  while  those  who  have  fully 
appreciated  the  geological  aspect  of  the  question  have  been  the 
staunchest  supporters  of  the  theory  of  subsidence.  He  urges  the 
undertaking  of  borings  in  coral  reefs,  adopting  a  suggestion  of 
Darwin's ;  and  he  concludes  by  expressing  the  opinion  that  most 
readers  will  rise  from  the  perusal  of  recent  works  on  the  subject 
fully  convinced  that,  "  while  on  certain  points  of  detail  it  is  clear 
that,  through  the  want  of  knowledge  concerning  the  action  of 
marine  organisms  in  the  open  ocean,  Darwin  was  betrayed  into 
some  grave  errors,  yet  the  main  foundations  of  his  argument  have 
not  been  seriously  impaired  by  the  new  facts  observed  in  the  deep- 
sea  researches,  or  by  the  severe  criticism  to  which  his  theory  has 
been  subjected  during  the  last  ten  years." 

In  a  similar  introduction  to  the  work  on  Volcanic  Islands, 
Prof.  Judd  gives  an  interesting  r6sum6  of  some  of  the  fundamental 
principles  to  the  establishment  of  which  Darwin's  researches 
specially  contributed.  Von  Buch's  well-known  theory  of  elevation- 
craters  was  satisfactorily  disproved  by  the  observations  made  in 
the  Atlantic  Islands;  while  the  subsidence  of  crater-fioors  after 
eruptions,  recently  noted  by  Dana,  among  others,  in  the  Sandwich. 
Islands,  wbb  diatinctly  recognized  m  aav^wX  Qa«^%.  \i«r«\^  ^>tfi 
observed  the  arrangement  of  voloanio  NeiiV%  «^o\i%  ^B^«»^  >^\i»»»  ^^ 
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fiBsure ;  he  inaugurated  the  study  of  extinct  Toloanoes  dissected,  lo 
to  speak,  hy  the  processes  of  denudation ;  and  he  seems  to  ha^e 
heen  the  first  to  form  clear  ideas  as  to  the  true  relations  existing 
between  the  crystalline  igneous  rocks  of  a  district  and  their  asso- 
ciated lavas.  In  short,  "  while  much  that  is  new  and  valuable  has 
been  contributed  to  geological  science  by  more  recent  investigations, 
and  many  changes  have  been  made  in  nomenclature  and  other  points 
of  detail,  it  is  interesting  to  find  that  all  the  chief  facts  described 
by  Darwin  and  his  friend  Prof.  W.  H.  Miller  have  stood  the  test  of 
time  and  further  study,  and  remain  as  a  monument  of  the  acumen 
and  accuracy  in  minute  observation  of  these  pioneers  in  geological 
research." 

Darwin's  "  Geological  Observations  on  South  America  "  is  a  work 
that  seems  to  have  hitherto  attracted  less  attention  than  either  of  the 
foregoing.  Prof.  Judd,  however,  is  inclined  to  believe  that  the 
researches  here  detailed  will  eventually  be  regai*ded  as  one  of  the 
author's  chief  titles  to  fame.  It  was  in  this  volume  that  Darwin 
first  emphasized  the  imperfection  of  the  geological  record ;  at  the 
same  time  enunciating  the  important  conclusion  that  each  great 
geological  period  has  exhibited  a  geographical  distribution  of  the 
forms  of  animal  and  vegetable  life,  comparable  to  that  which 
prevails  in  the  existing  fauna  and  flora.  It  was  here,  too,  that  uni- 
formitarian  views  on  the  volcanic  phenomena  of  past  ages  were  first 
clearly  expounded,  with  abundant  illustrations.  Finally,  Darwin's 
study  of  the  schists  and  gneisses  of  South  America  led  to  the  earliest 
recognition  of  the  intimate  relationship  existing  between  planes  of 
foliation  and  thrusts  during  elevatory  movements — thus  anticipating 
some  of  the  most  recent  conclusions  deduced  from  researches  among 
the  metamorphosed  rocks  of  Scotland,  Norway,  Saxony,  and  other 
areas. 

The  volume  is  provided  with  a  good  index  of  30  pages,  and  will 
be  one  of  the  most  welcome  additions  to  a  working  geologist's  library 
that  has  appeared  for  some  time. 


II. — Prof.  W.  B.  Scott  on  the  Oreodonts. 

Beitraqe  zur  Eenntniss  der  OREODONTiDiE.     By  W.  B.  Scott. 
Morphol.  Jahrbuch,  Vol.  XVI.  Part  2.     Illustrated.     (1890.) 

THIS  memoir  is  a  very  valuable  contribution  to  our  knowledge 
of  that  remarkable  family  of  North  American  Artiodactyle 
Ungulates  commonly  known  as  Oreodonts,  in  which  the  author 
gives  in  a  concise  form  all  the  important  features  of  their  osteology. 
Judging,  indeed,  from  the  skeleton  represented  in  the  first  of  the 
plates  accompanying  the  memoir,  it  may  be  inferred  that  our 
knowledge  of  the  skeletal  anatomy  of  the  type-genus  of  the  family 
is  now  practically  complete,  and  as  well  known  as  that  of  existing 
mammals.  The  remarkable  variations  exhibited  by  the  skulls  of 
the  different  genera  are  adTii\tQ^b\^  \llw%trated  in  the  other  plates ; 
and  we  may  especiaWy  caW  aW;ftiiV\o\i  \o  \\i^  \«tA«wi>j  \si  >ickft  ^^^^Iq\j- 
ment  of  facial  vacuiUea  m  l\i^  a\L\jXVa  qI  \>qa  mw^«^\ii^vT.^'l^xvsA. 
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The  typical  Oreodonts  or  Ruminating  Hogs,  as  they  were  not 
inaptly  termed  by  their  original  describer  Prof.  J.  Leidy,  occur  in 
the  North  American  Miocene,  from  the  Loup- Fork  to  the  White 
Biver  beds ;  but  they  are  also  represented  in  the  Uinta  or  Upper 
Eocene,  while  Helohyu$  of  the  Bridger  or  Middle  Eocene  should 
perhaps  be  also  included  in  the  family. 

Professor  Scott  takes  as  the  chief  character  of  the  family  the 
circumstance  that  the  lower  canine  tooth  resembles  the  incisors, 
while  the  form  and  function  of  the  canine  is  assumed  by  the  first 
lower  premolar.  The  family  is  divided  into  three  subfamilies  as 
follows,  viz. : — 

I.  Upper  molars  with  five  crescents — Protoreodontina. 
II.  Upper  molars  with  four  crescents. 

1.  Orbits  dosed,  a  lachrymal  depression,  no  diastema,  all  the 

premolars  simpler  than  the  molars — Oreodontina, 

2.  Orbits  open,  no  lachrymal  depression,  a  diastema,  the  last  pre- 

molar molariform — Agriochcerina, 

The  Protoreodonts  are  the  earlier  and  more  generalized  forms,  and 
the  presence  of  five  crescents  on  their  upper  molars  suggests  affinity 
with  the  Anihracotheriida  and  Anoplotheriida,  It  is  indeed  curious 
to  observe  that  the  reduction  in  the  number  of  crescents  on  these 
teeth  in  the  two  more  specialized  subfamilies  of  the  Oreodonts  is 
precisely  paralleled  among  the  Anthracotheroids  by  the  specialized 
Siwalik  genus  Merijcopotamua,  which  has  only  four  such  crescents. 

We  hope  that  the  learned  author  of  this  important  memoir  will 
see  his  way  to  treating  other  groups  of  extinct  American  mammals 
in  the  same  masterly  manner.  B.  L. 


III. — Pbofkssob  H.  Cbkdner  on  Permian  Labybinthodonts  and 

Beptiles. 

Die  Steqogephalen  und  Saurier  aus  dem  Botulieoenden  des 
Plaubn*sohen  Grundbs  bbi  Dresden.  By  Hermann  Crednbr, 
Zeitschr.  deutsch.  geol  Ges.  Vol.  XLII.  (Ib90).    Illustrnted. 

IN  this  memoir  Professor  Credner  continues  his  elaborate  and 
interesting  investigations  into  the  Labyrinthodont  and  Beptilian 
fauna  of  the  Bothliegendes  of  the  neighbourhood  of  Dresden ;  the 
species  treated  of  in  the  present  fasciculus  being,  if  possible,  of  more 
than  usual  interest 

The  first  section  of  the  memoir  before  us  is  devoted  to  the  descrip- 
tion of  the  skeleton  of  the  Labyrinthodont  genus  Hyhnomua,  from 
which  the  author  regards  Hyloplesion  of  Fritsch  as  inseparable.  The 
members  of  this  genus  comprise  minute  forms  common  to  both  the 
Old  and  New  Worlds,  the  detailed  anatomy  of  which  can  only  be 
worked  out  by  those  who  have  the  abundant  material  and  exemplary 
patience  which  it  appears  to  be  the  good  fortune  of  the  author  to 
possess.  The  plates  and  woodcuts  with  which  the  memoir  is  so 
richly  illnstrated  speak  for  themselves  as  to  the  care  with  wUvqIv 
these  details  have  been  worked  out.  Otv^''^va\.>V^H«v«^x,  ^^x^'^ 
OB  aa  requiriDg  further  illustration,  aud  tti^  %NA\iot  >n*^  >^^\\vw^^'vj^^ 
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an  early  opportanity  of  expreaaing  hia  viewa  on  the  aabject  The 
point  to  which  we  allude  ia  that,  aooording  to  Dr.  Fritaoh'a  definitioa 
of  thia  group  of  Labyrinthodonta,  the  whole  of  the  body  waa  inveated 
with  acutea,  whereaa  our  author  only  raentiona  a  Tentral  armour. 

Of  atill  more  intereat  ia  the  genua  PetrohateM,  another  amall  form 
preaenting  auch  a  marked  general  reaemblance  to  Ifylonomui  that 
ita  remains  have  hitherto  been  confoaed  with  thoae  of  that  genua 
It  differs,  however,  among  other  characters,  l)y  the  smaller  skull 
(which  does  not  appear  to  have  been  of  a  Jjabyrinthodont  type),  the 
longer  tail,  and  the  replacement  of  the  Labyrinthodont  ventnd 
buckler  by  a  ayatem  of  abdominal  riba  like  thoae  of  the  existing 
Khynchocephalian  genus  Sphenodon,  Its  Labyrinthodont  affinities 
are,  however,  displayed  by  the  attachment  of  the  pelvia  to  the 
vertebral  column  by  means  of  only  a  single  sacral  vertebra.  Since, 
however,  this  feature  ia  exhibited  by  the  genua  Pariataurvs,  which 
appears  to  be  a  reptile,  although  exhibiting  marked  Amphibian 
affinities,  it  affords  no  argument  why  Petrobute$  should  not  likewise 
be  included  in  the  Heptilia. 

Dr.  Credner  considers  that  Petrobaies  connects  Hylonomus  with 
those  Rhynchocephalian  reptiles  from  the  same  deposits  which  he 
has  described  in  earlier  fasciculi  of  the  same  memoir  under  the 
name  of  Cadaliosnurus  and  PaloBohalteria ;  and  the  result  of  bis 
latest  researches  seems  to  establish,  beyond  tlie  possibility  of  doubt, 
the  intimate  affinities  existing  between  cerUiiu  groups  of  the 
Labyrinthodonts  and  the  earliest  Rhyucbocepbalians. 

The  memoir  concludes  with  the  descripticm  of  the  skeleton  of  a 
small  rbachitomous  Labyrinthodont  named  LHscosanrus,  We  would, 
however,  point  out  to  Dr.  Credner  that  this  name  had  been  employed 
at  an  earlier  date  by  Prof.  Leidy  for  a  Sauropterygian,  and  we  would 
therefore  suggest  that  he  should  take  an  early  opportunity  of  pro- 
posing a  new  term. 

We  shall  look  forward  with  interest  to  further  contributions  by  the 
author  on  the  subject  on  which  he  has  already  thrown  so  much  new 
li-ht.  R.  L. 

IV. — Holm,  Gerhard.  Om  forkkomstkn  af  en  Caryocrinus  i 
SvERiOK.  Sver.  Geol.  Undersiikn.  Ser.  C.  No.  115,  pp.  14,  15. 
(Stockholm,  1890.) 

OF  the  interesting  genus  Caryocnnus  but  a  single  species  has  been 
described,  and  this  species,  C,  ornains,  Say,  has  only  been 
found  in  N.  America.  There  it  occurs  in  the  Niagara  and  also, 
according  to  S.  A.  Miller,  in  the  Clinton  group.  These  groups  are 
regarded  as  synchronous  with  the  liritish  JSilurian  from  the  Wenlock 
Limestone  to  possibly  as  low  as  the  Tarannon  Shales. 

In  the  present  paper  Dr.  Holm  records  the  find  of  a  new  species 

of  Caryocrinus  in  the  lower  layers  of  the  Lepteena-kalk  on  the  west 

side  of  the  Lissberg  near  GuUerHsen  in  Boda,  a  district  of  Dalecarlia. 

The  Leptaena-kalk  baa  i\ol  be^n  ttacftd  beyond  Dalecarlia,  but  on 

pala^ontological  grounda  \t  \aTelexT<a^V<i  VNx^\i\.Y^x^x^^Vviv!w\v,    In 

the  present  ioBtanoe  among  \Xi^  aa»wA3aX*A  i^^ss^^  ^^  0^<\wKtMk 
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tmgtdatwn^  Or  Mb  hi/orata,  Athyrii  Portlockiana,  Strophomena 
eorrugaiella,  IUanu8  Linnar$8on%,  Favontea,  Haiyiites,  Ptychophyllum, 
SphtronU  oUonga,  Euey8ti$  sp.,  and  CaryocysUs  sp.  The  Cystidea 
are  namerous  and  the  rock  is  filled  with  stem-ossideR  which  Dr. 
Hohn,  after  the  carious  custom  of  collectors,  thinks  it  necessary  to 
ascribe  to  Orinoidea. 

Of  CaryocrinuB  only  one  specimen  has  been  fonnd  here.  This 
differs  from  C,  omatua  in  the  following  points :  the  arms  are  more 
robust  and  start  lower  down  on  the  radials,  giving  nse  to  a  zone  of 
protuberances  on  the  cup,  the  plates  of  the  tegmen  are  not  quite  the 
same,  and  the  anus^  lies  nearer  the  centre. 

Thus  Caryoerinus  might  appear  to  have  originated  in  European 
seas,  rather  than  those  where  it  subsequently  flourished ;  but  the 
remarkable  fact  that  no  specimens  have  been  found  in  any  Silurian 
rocks  of  Europe,  often  so  prolific  in  Pelmatozoa,  suggests  another 
hypothesis.  The  genus  may  have  developed  during  Ordovioian 
times  in  an  area  that  is  still  beneath  Atlantic  waters ;  the  few  in- 
dividuals that  ventured  to  Scandinavia  may  have  found  those  seas 
unsuited  to  them,  while  others  at  a  later  date  migrating  towards 
America  may  have  been  the  ancestors  of  those  now  preserved  so 
abundantly  in  the  State  of  New  York.  F.  A.  B. 


v.— Revision  op  a  Genus  of  Fossil  Fishes  —  Vnpedtus,  By 
Montagu  Browne,  F.G.S.  Trans.  Leicester  Lit  and  Phil.  Soc 
VoL  IL  pp.  196-203,  PL  I. 

THIS  is  the  first  instalment  of  a  Memoir  on  the  Liassic  Ganoid 
Dapediua,  in  which  the  author  proposes  especially  to  revise  the 
species  occurring  in  Britain.  After  a  preliminary  review  of  the 
literature  of  the  subject,  Dapedius  dorsalis  (Agass.)  is  discussed  in 
detail,  the  supposed  species,  D,  monilifer  and  D,  striolatua,  being 
merged  with  this  form,  as  presenting  no  satisfactory  points  of 
distinction.  Dr.  Traquair's  restoration  of  the  head  of  Dapedius  is 
copied  upon  the  plate,  with  the  addition  of  some  rough  figures  of 
teeth  and  scales,  the  latter  inadvertently  turned  upside  down. 


VI. — A  Zoological  Pocjket-Book.  By  Dr.  Emil  Selenka.  Trans- 
lated by  J.  R.  AiNSWOKTH  Davis,  B.A.  (Ghai-les  Griffin  &  Co., 
1890.) 

THE  plan  which  forms  the  basis  of  this  little  volume  is  an 
admirable  one,  and  students  will  welcome  so  concise  a  com- 
pendium of  Zoological  classification.  There  is  a  laudable  attempt, 
also,  to  incorporate  some  of  the  more  striking  results  of  the  palaeon- 
tological  aspect  of  the  subject.  The  brief  definition  of  each  group 
is  accompanied  by  the  names  and  some  particular  of  leading 
types ;  and  the  book  is  interleaved  throughout  for  MS.  notes  and 
memoranda.     We  can  only  regret,  from  our  point  of  view,  that 

*  Dr.  Holm  calls  it  the  mouth ;  but  this  is  ]^toV>ti>a\^  ^xi^fc  \a  ^  \jwi  ^Q»fc  ^S&A\vs^^'<6k 
to  Profeeaor  J.  Hall*a  description,  and  need  not  \»  UV%Ti«A^wstvw»  ^'i3g«««»sso.'^V 
opiaion. 
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the  work  is  so  oompletely  behind  the  iimeB.  Zoologists  and  Com- 
parative  Anatomists  of  the  modem  sohool  are  oertainlj  moiB  alive 
to  the  importanoe  of  palfBontologioal  oonsiderations,  than  were  their 
predeoessors,  not  many  years  ago ;  bat  few  at  present  attempt  any 
systematic  stady  even  of  the  Uteratare  of  the  subject.  To  refer 
only  to  the  Yertebrata  in  the  volame  before  us,  and  commencing 
with  the  fishes,  we  may  remark  that  Amia  does  not  date  back  to 
the  Cretaceous  period,  that  Pyenodtu  was  shown  thirty-five  years  ago 
to  be  exclusively  confined  to  the  Eocene,  and  that  Lepidotui  and 
Amblyptenu  are  totally  unknown  in  the  Eupferschiefer.  Froienh 
»auru8  still  remains  among  Lacertilian  Beptiles,  notwithstanding 
recent  memoirs ;  and  Dieynodon  is  unaccountably  placed  among  the 
Dinosauria,  while  no  mention  whatever  is  made  of  the  all-important 
Theromora.  The  old  '*  order  Enaliosauria  "  still  survives ;  and  once 
more  the  erroneous  statement  about  the  opisthocoelons  character  of 
the  vertebrse  of  Steneosanrus — a  permanent  institution  in  German 
text-books  of  ''Zoology"  —  is  repeated.  Among  Prototherian 
Mammals  there  is  no  allusion  to  the  recent  discovery  of  true  teeth, 
while  the  Jurassic  types  are  completely  omitted ;  and  M%eToU»te$  is 
only  incidentally  mentioned  as  a  kangaroo  (''springing  marsupial'*)! 
Diprotodon  australis  is  also  described  as  a  "springing  marsupial"; 
and  it  will  be  news  to  some  that  Thylacoho  is  an  intimate  relative 
of  the  Thylaciue.  Among  Edentates,  Qlyptodon  is  described  as  an 
"  insectivorous  form  " ;  and,  to  proceed  to  higher  groups,  it  may  be 
remarked  that  all  modern  researches  which  have  led  to  such  striking 
results,  especially  with  reference  to  the  Ungulata  and  Camivora,  are 
ignored.  The  Outlines  of  Distribution,  appended  by  the  Translator, 
appear  to  us  to  be  more  completely  up  to  date  than  any  other  part 
of  the  volume,  and  it  is  to  be  hoped,  that  before  another  edition 
appears,  some  attempt  will  be  made  to  renovate  the  whole. 

VIL — Proceedings  op  the  Cotteswold  Naturalists'  Field  Club 

FOR  1889-90.     Vol.  X.  Part  1.  1890. 

GEOLOGY  continues  to  occupy  a  large  share  of  attention  from 
the  members  of  this  Club.  The  address  of  the  President, 
Mr.  W.  C.  Lucy,  is  supplemented  by  "  A  Slight  History  of  Flint 
Implements,  with  especial  reference  to  our  own  and  adjacent  areas.** 
There  is  no  reliable  evidence  of  any  Palseolitliio  implements  having 
been  found  in  the  district,  but  a  number  of  Neolithic  celts,  arrow- 
heads, and  scrapers  are  noted,  and  some  of  these  are  figured  in 
three  plates. 

The  Rev.  F.  Smithe,  LL.D.,  furnishes  some  "  Observations  on 
Celestite.*'  He  remarks  that  this  mode  of  spelling  the  name  of  the 
mineral,  advocated  by  Dana,  is  now  adopted  in  the  mineralogical 
collection  of  the  British  Museum,  in  preference  to  Celestine ;  words 
terminating  in  tne  being  properly  restricted  to  the  science  of 
Chemistry.  He  gives  a  particular  account  of  the  mineral  and  of 
he  mode  of  occurrence,  i\o\.  oxA^  m  QiVowcftfttershire,  but  in  various 
parts  of  the  world.  TYi©  q\xU\t\^  tv^^^^  ^\j.\\\a^  V^^^  ^sxsvk.'^\x\sai\QTi 
of   the    Midland    aud    SouWi-NseaV-^xTL  Y«^^jN:vi\i.x^^>«vi  \^^\.^R^'S!^ 
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Cirenoester  and  Andoveraford,  are  deaoribed  in  detail  by  Prof. 
Allen  Harker  and  Mr.  S.  S.  Buckman. 

Prof.  Harker's  contribation  is  "On  the  Sections  in  the  Forest 
Marble,  and  Great  Oolite  Formations,  exposed  by  the  new  railway 
from  Cirencester  to  Chedworth."  The  diagram  he  gives  is  un- 
fortunately very  much  cramped,  but  it  serves  as  an  index  to  the 
localities  mentioned.  Mr.  Buckman  gives  an  account  of  "  The  Sections 
exposed  between  Andoversford  and  Chedworth :  a  comparison  with 
similar  strata  upon  the  Banbury  line.*'  These  sections  are  mainly 
in  the  Inferior  Oolite,  whose  many  local  subdivisions  are  duly  noted. 
There  is  also  a  short  paper,  accompanied  by  a  plate,  by  Mr.  £. 
Wethered,  "  On  the  Occurrence  of  Fossil  Forms  of  the  Genus  Chara 
in  the  Middle  Purbeck  Strata  of  Lulworth,  Dorset." 


ME.   SOMERVAIL'S  CONTRIBUTIONS    TO  THE  PETROLOGY  OP 

THE  LIZARD. 

Sm, — During  the  last  three  years  the  Geological  Magazine  has 
been  augmented  by  four  communications  from  Mr.  Somervail  on 
the  Petrology  of  the  Lizard,  lliese  I  have  refrained  from  noticing 
(beyond  making  in  one  case  a  brief  protest),  because  I  wished  to 
re-examine  the  whole  district  before  writing  anything  more  on  the 
subject  Last  summer  I  had  the  advantage  of  spending  some  time 
at  the  Lizard  in  company  with  General  ]\IcMahon  and  the  Rev.  E. 
Hill,  and  we  hope  to  bring  the  results  of  our  examination  before 
the  G^logical  Society  during  the  present  session. 

To  point  out  the  errors  in  observation  and  inaccuracies  of  induction 
in  Mr.  Somervail's  papers  would  occupy  far  too  much  space  in  the 
Magazine  and  weary  the  patience  of  your  readers.  I  must  content 
myself  with  a  general  expression  of  opinion  as  to  the  dominant  idea 
in  each  communication.  First,  "  On  a  Remarkable  Dyke  in  the 
Serpentine  of  the  Lizard."*  This  is  a  group  of  separate  dykes, 
diorite  and  granite,  the  latter  containing  some  fragments  of  an 
older  rock,  and  associated  with  a  quartz-felspar  vein ;  it  is  no  part 
of  the  "  granulitic  group,"  as  I  have  defined  it,  and  gives  no  support 
to  Mr.  Somervail's  notion  of  rocks  of  different  composition  segre- 
gating from  one  magma. 

(2).  **  On  a  Breccia  and  an  Altered  Schist  at  Housel  Cove,  Lizard."  ■ 
Here  the  ordinary  hornblende  schist  has  been  cut  by  a  dyke,  and  a 
fault  running  nearly  along  one  surface  of  junction  has  brecciated  the 
latter.  Perhaps  this  dyke  differs  a  little  in  composition  from  the 
types  which  are  common  at  the  Lizard,  and  there  is  a  good  example 
of  fault  breccia  As  usual  both  rocks  are  rotten,  but  the  section 
leads  to  no  particular  conclusions. 

(3).  "On  the  Greenstone  and  Associated  Rocks  of  the  Manacle 
Point"  •     This  section  is  a  diifioult  one,  and  there  are  points  which 

1  Gbol.  Mao.  1888,  Dec.  III.  Vol.  V.  p.  663. 
»  Gbol,  Mao.  1889,  Dec.  lU.\o\.\l.^AVV. 
*  Ojbol.  Mao.  1889,  Dec.  lU.\o\.N\.^.  VW>, 
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must  be  left  for  farther  work.  On  one,  however,  I  feel  quite  clear, 
namely,  that  the  relations  of  the  rocks  have  been  oompletely  mis- 
understood by  Mr.  Somervail. 

(4).  ''On  the  Nature  and  Origin  of  the  Banded  Structure  in  the 
Schists  and  other  Rocks  of  the  Lizard  District**  ^  As  this  subject 
will  form  an  important  part  of  our  pa|)er,  I  content  myself  with 
observing  that  I  can  find  no  ground  for  Mr.  Somervairs  hypothesis 
of  segregation,  as  he  applies  it  I  question  both  the  accuracy  of  his 
statements  and  the  validity  of  his  inductions.  Doubtless  before 
writing  upon  these  difficult  subjects,  Mr.  Soroervail  has  trained 
himself  by  careful  study  both  of  rock-structures  under  the  micro- 
Boope,  and  of  rock-relations  in  less  complicated  districts  of  other 
regions ;  but  if  so,  I  am  utterly  at  a  loss  to  understand  his  principles 
of  interpretation  and  his  methods  of  reasoning. 

T.  G.  BONSEY. 


BANDED   ROCKS  OF  THE  LIZARD. 

Sib, — Mr.  Somervail  in  his  paper  on  the  Lizanl  rocks,  published 
in  your  last  issue,  advances  the  theory  of  segregation  to  explain  all 
the  phenomena  displayed  by  the  eruptive  rocks  of  that  interesting 
locality,  but  he  does  not  favour  us  with  any  evidence  in  support  of 
his  theory,  and  he  omits  to  explain  facts  that  seem  incompatible  with 
it.  That  such  rocks  as  peridotite,  gabbro,  diorite,  basaltic,  and 
felspathic  traps,  and  granite — rocks  of  well-defined  species  differing 
from  each  other  in  mineralogical  contents,  structure,  and  chemicHl 
composition  (points  that  imply  genetic  differences) — should  be  formed 
on  the  spot  by  segregation  from  a  "common  magma,"  is  sufficiently 
startling  to  the  petrologist;  but  when  we  find,  as  competent  ob- 
servers have  found,  that  these  rocks  cut  each  other  in  well-marked 
dykes  following  each  other  in  a  regular  sequence,  and  that  each  of 
the  principal  intruders  carries  along  with  it  sharp  fragments  of  the 
rocks  through  which  it  has  intruded,  the  hyjwthesis  involves  the 
rejection  of  every  canon  of  interpretation  hitherto  relied  on  by  field 
geologists. 

When  one  sees  diverse  igneous  rocks  cutting  across  each  other  in  a 
way  that  implies  differences  in  their  order  of  eruption  ;  and  when  one 
finds  the  lines  of  demaixjation  between  these  Buccessive  eruptions  so 
sharp  that  even  thin  slices  examined  under  the  microscope  show  a 
sudden  transition  from  a  rock  of  one  chemical  and  mineralogical 
composition  to  another  of  different  chemical  and  mineralogical  com- 
position, it  seems  as  unreasonable  to  a  petrologist  to  attribute  the 
formation  of  these  definite  and  distinct  species  to  segregation  in  siiik 
as  it  would  be  to  attribute  the  jaw-bone  and  teeth  of  a  well-known 
quadruped,  found  in  a  bed  of  marl,  to  the  fortuitous  segregation  of 
the  carbonate  of  lime. 

The  above-mentioned  rocks  not  only  cut  each  other  with  a  definite 
sequence,  but  they  preserve  their  individual  characteristics,  whether 

^  GbOL.  MaQ.  Ift^O^IiWi. IW.^^V^W ^.  VkSi. 
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they  ooonr  in  veins  a  qaarter  of  an  inch  thick,  or  in  masses  many 
miles  wide. 

Science  is  not  advanced  by  the  dreaming  of  dreams — to  make 
progress  we  require  evidence  culminating  in  proof. 

20.  Nbvbrn  Squarb.  n    a    MpMahon 

lOik  November,  1890.  ^'  ^'  J^^CJUAHON. 

PROF.  PRESTWICH,  F.R.S.,  ON  THE  ELEVATION  OF  THE  WEALD. 

Sir, — I  am  much  obliged  to  Prof.  Prestwich  for  drawing  attention 
to  an  expression  in  my  ''Note  on  the  Elevation  of  the  Weald*' 
(Gkol.  Mag.  September,  1890),  to  which  I  feel  bound  to  say  peceavt. 
The  fact  is,  when  that  paper  was  written,  I  was  ignorant  of  the 
view  which  the  Professor  had  put  forward  so  long  ago  as  1858  in 
a  paper,  of  which  he  has  since  been  good  enough  to  send  me  a  copy. 
When  my  1888  paper  was  written,  the  only  published  statement 
of  Prof.  Prestwich's  view  on  the  geological  data  of  the  Wealden 
elevation,  wRich  I  had  before  me,  was  that  contained  in  the  published 
abstract  of  a  paper  read  (in  my  hearing)  before  Section  C  of  the 
Brit.  Assoc,  at  York  in  1881.  I  am  sorry  I  was  misled  by  this ; 
and  the  more  so  as  it  was  criticized  by  me  more  than  once  in  the 
1883  paper,  to  which  the  Professor  refers.  A  copy  of  that  paper 
was  sent  to  him  at  the  time  of  its  publication ;  but,  strange  to  say, 
in  the  Professor's  letter  (which  is  now  before  me)  acknowledging 
the  receipt  of  it  (which  seems  to  have  been  lost  sight  of  since),  and 
offering  some  remarks  upon  some  points  in  it,  no  notice  was  taken 
of  my  criticisms  on  the  York  paper.  Was  it  very  extraordinary  that 
under  such  circumstances  I  was  lulled  into  the  belief  that  I  had 
correctly  interpreted  the  statements  contained  therein  ? 

Prof.  Prestwich  will  kindly  allow  me  to  refer  to  some  remarks 
I  ventured  to  make  in  the  discussions  of  Parts  IL  and  ITL  of  his 
recent  great  paper,  '<0n  the  Westleton  and  Mundesley  Beds,  etc.," 
the  substance  of  which  is  published  in  the  Journal  of  the  Geological 
Society,  lliese  indicate,  I  think,  sufficiently  my  position  with  regard 
to  this  question. 

As  to  Mr.  Clement  Reid's  paper  in  "Nature"  in  1886  (not  1888), 
I  did  not  feel  the  necessity  of  pointing  out  (what  must  be  obvious 
to  any  one  who  looks  at  it),  that  it  was  a  "  friendly  corroboration  " 
of  Prof.  Prestwich's  view  expressed  years  before. 

The  argument  for  contemporaneity,  "  on  the  ground  of  approximate 
equality  of  altitude  above  the  sea,"  I  had  no  idea  of  saddling  upon 
Prof.  Prestwich  in  particular.  I  mentioned  it  as  the  only  argument 
I  had  heard  put  forward  by  geologists,  with  whom  I  had  diHcussed 
the  question,  after  I  suggested  in  the  pages  of  the  Gkol.  Mag. 
(1888)  a  different  view  to  those  generally  held,  from  an  examination 
of  the  principal  sections  "  in  the  field." 

As  regards  the  "  larger  and  more  theoretical  questions  "  raised  in 
my  paper,  I  think  I  have  sufficiently  indicated  the  authorities  which 
have  furnished  the  data  from  which  my  inferences  are  drawn.  1  am, 
of  course,  allowed  to  draw  my  own  conclusion  from  the  Professor's 
digDiBed  refusal  to  consider  ihein. 
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I  can  only  express  again  my  regret  that  I  did  not  re-write  tlie 

oljectionable  passage  which  has  oalled  forth  this  friendly  protest 

from  one  for  whom  I  entertain  the  most  sincere  regard ;  yet  I  think 

that  results  arrived  at  independently  have  a  valae,  even  if  they  are 

not  "novel."  .    , 

A.    Trvino 
Wkllxnoton  Collbob,  Bbkks. 

THE  ELEVATION  OF  THE  WEALD. 

Sib, — In  Mr.  H.  W.  Monckton's  idea  as  to  the  *•  retreat  of  the  sea" 
in  connexion  with  the  marine  abrasion  of  the  Weald  anticlinal  (see 
Geol.  Mag.  September,  1890,  p.  395),  he  has  got  a  glimpse  of  what 
has  been  obvious  enough  to  most  students  of  geology  for  the  last 
quarter  of  a  century.  For  at  least  that  period  of  time  Sir  Andrew 
Kamsay*s  view  of  the  marine  abrasion  of  the  original  arch  of  the 
Weald  anticlinal,  followed  by  atmospheric  waste  and  erosion 
(determining  the  present  features  of  the  country)  has  been  before 
the  world  in  his  valuable  ^nd  suggestive  work,  '*The  Physical 
Geology  and  Geography  of  Great  Britain."  Mr.  Monckton  seems 
to  consider  the  area  of  the  depontion  of  the  Wealden  series  to  have 
been  approximately  conterminous  with  the  present  area  known  as  the 
Weald.  In  the  light  of  what  we  know  of  a  great  series  of  Tertiaiy 
movements  in  Central  and  Western  Europe,  it  must  be  rash  in  the 
extreme  to  assume  that  the  present  relations  of  sea  and  land  are 
any  index  of  what  they  were  in  even  later  Mesozoic  time.  l*he 
statement,  that,  "  from  some  undetermined  period  [extending  at  least 
as  far  back  as  the  Purbeck,  loc.  cit.']  until  the  formation  of  the 
Gault  the  south-east  of  England  was  an  area  of  depression,  and  the 
progress  of  depression  was  more  rapid  upon  an  east  and  west  live 
which  now  forms  the  anticlinal  of  (he  Weald  than  either  to  the  north 
or  south  of  ity"  is  in  flat  contradiction  to  Prof.  Green's  constructive 
sketch  of  the  old  Wealden  Estuary  (see  **  Physical  Geology,"  pp. 
294-6).     I  commend  this  to  Mr.  Monckton's  attention. 

In  his  concluding  paragraphs  it  seems  he  has  done  me  the  honour 
to  reproduce  partly  some  arguments  as  to  the  non-commensurate 
elevation  of  the  Weald,  which  I  put  before  the  Geological  Society 
in  June  last  at  a  meeting  at  which  he  was  present.  These 
arguments  are  given  in  a  more  complete  form  in  my  paper  in  the 
Geol.  Mag.  for  September,  1890,  pp.  405-6.  .    j 

Wbllington  College,  Bebks. 

OR  AZIO      SI  LVESTR  I. 

We  regret  to  record  the  death  of  this  distinguished  Sicilian  Geologist  and  Chemist, 
which  occurred  at  Catania  on  August  17,  alter  much  suffering.  Prof.  Silvestri  has 
contributed  largely  to  our  knowleoge  of  the  workings  and  chemistry  of  Etna,  and  to 
the  general  geology  of  ISicily,  while  his  masterly  paper  on  the  genus  Nodcsaria^  and 
his  interesting  papers  on  the  works  of  Soldani  are  of  great  interest  and  value  to 
students  of  the  Foraminifera. 
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